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Descripti n 

TECHNICAL FIELD 

[0001 1 The present invention relates generally to compositions for the treatment of microorganism-caused infections, 
and more specifically, to compositions comprising indolicidin analogues, polymer-modified analogues, and their uses 
in treating infections. 

BACKGROUND OF THE INVENTION 

r00021 For most healthy individuals, infections are irritating, but not generally life-threatening. Many infections are 
successfully combated by the immune system of the individual. Treatment is an adjunct and is generally readily available 
in developed countries. However, infectious diseases are a serious concem in developing countnes and in immuno- 
compromised individuals. 

15 [00031 In developing countries, the lack of adequate sanitation and consequent poor hygiene provide an environment 
that fosters bacterial, parasitic, fungal and viral infections. Poor hygiene and nutritional deficiencies may diminish the 
effectiveness of natural barriers, such as skin and mucous membranes, to invasion by infectious agents or the ability 
of the immune system to clear the agents. As well, a constant onslaught of pathogens may stress the immune system 
defenses of antibody production and phagocytic cells [e.g., polymorphic neutrophils) to, subnomnal levels. A breakdown 

20 of host defenses can also occur due to conditions such as circulatory disturbances, mechanical obstruction, fatigue, 
smoking, excessive drinking, genetic defects. AIDS, bone marrow transplant, cancer, and diabetes. An increasingly 
prevalent problem in the world is opportunistic infections in individuals who are HIV piositive. 

[00041 Although vaccines may be available to protect against some of these organisms, vaccinations are not always 
feasible due to factors such as inadequate delivery mechanisms and economic poverty, or effective, due to factors 

25 such as delivery too late in the infection, inability of the patient to mount an immune response to the vaccine, or evolution 
of the pathogen. For other pathogenic agents, no vaccines are available. When protection against infection is not 
possible treatment of infection is generally pursued. The major weapon in the arsenal of treatments is antibiotics. 
While antibiotics have proved effective against many bacteria and thus saved countless lives, they are not a panacea. 
The overuse of antibiotfcs jn certain situations has promoted the spread of resistant bacterial strains. And of great 

30 importance, antibarterials are useless against viral infections. 

[00051 A variety of organisms make cationic (positively charged) peptides, molecules u?ed as part of a non-specific 
defense mechanism against microorganisms. When isolated, these peptides are toxic to a wide variety of microogan- 
isms, including bacteria, fungi, and certain enveloped viruses. One cationic peptide found in neutrophils is indohcidin. 
While indolteidin acts against many pathogens, notable exceptions and varying degrees of toxicity exist. 

35 [(KK)6] WO- A 95^2338 generally discloses a variety of indolfcidin analogues , and methods for using these analogues 
to inhiliit survival and growth of microorganisms. \ 
[0007] - Uchidea etal. {Peptide Cheniistiy. 1995 (pp. 229-232); Protein Research Foundation. Osaka. 1996) discusses 
the anti-bacterial activity of indolicidin and other peptides. 

[00081 Although cation fc peptides show efficacy In vitro against a variety of pathogenic cells including gram-posrtive 
40 bacteria, gram-negative bacteria, and fungi, these peptides are generally toxte to mammals when injected, and ther- 
apeutic indices are usually quite small. Approaches to reducing toxicity have included development of a denvative or 
delivery system that masks structural elements involved in the toxfc response or that improves the efficacy at tower 
doses Other approaches under evaluation include liposomes and micellular systems to improve the clinical effects of 
peptides proteins, and hydrophobic drugs, and cyclodextrinsto sequester hydrophobic surfaces during administration 
45 in aqueous media. For example, attachment of polyethylene glycol (PEG) polymers, most often by modification of 
amino groups, improves the medicinal value of some proteins such as asparaginase and adenosine deaminase, and 
increases circulatory half-lives of peptides such as interieukins. _ ^ 

[00091 None of these approaches are shown to improve administration of cationte peptides. For example, methods 
for the stepwise synthesis of polysorbate derivatives that can modify peptides by acylation reactions have been devel- 
50 oped but acylation alters the charge of a modified cationic peptide and frequently reduces or eliminates the antimi- 
crobial activity of the compound. Thus, for delivery of cationic peptides, as well as other peptides and proteins, there 
is a need for a system combining the properties of increased circulatory half- lives with the ability to form a micellular 

[0010] There are disclosed herein analogues of indolicidin, design d to broaden its range and effectiveness, and 
further provide other related advantages. Also disclosed are methods and compositions for modifying peptid s, pro- 
teins, antibiotics and the like to reduce toxicity, as well as providing other advantages. 
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SUMMARY OF INVENTION 

[0011] There ar generally discloised her in indolicidin analogues. The invention relates to an indolicidin analogue 
comprising up to 25 amino acids.and containing the fonmula I L R W P W W P W R R K. In certain embodiments, th 

5 indolicidin analogues are coupled to form a branched peptide. In other embodiments, the analogue has one or more 
amino acids altered to a corresponding D-amino acid, and in certain preferred embodiments, the N-terminal and/or the 
C-terminal amino acid is a D-amino acid. Other preferred modifications include analogues that are acetylated at the 
N-temninal amino acid, amidated at the C-terminal amino acid, esterified at the C-terminal amino acid, modified by 
incorporation of homoserine/homoserine lactone at the C-terminal amino acid, and conjugated wrth polyethylene glycol 

10 or derivatives thereof. 

[0012] In other aspects, there is disclosed an isolated nucleic acid molecule whose sequence comprises one or more 
. coding sequences of the indolicidin analogues, expression vectors, and host cells transfected or transformed with the 
expression vector. 

[0013] Other aspects provide a phannaceutical composition comprising at least one indolicidin analogue and a phys- 
is iologically acceptable buffer, optionally comprising an antibiotic agent. In other embodiments, the pharmaceutical com- 
position further comprises an antiviral agent, {e.g., acyclovir; amantadine hydrochloride; didanosine; edoxudine; fam- 
ciclovir; foscamet; ganciclovir; idoxuridine; interferon; lamivudine; nevirapine; penciclovir; podophyllotoxin; ribavirin; 
rimantadine; sorivudine; stavudine; trif {uridine; vidarabine; zaicitabine and zidovudine); an antiparasitic agent (e.p., 
B-hydroxyquinotine derivatives; cinchona alkaloids; riitroimidazole derivatives; piperazine derivatives; pyrimidine de- 
^0 , rivatiyes and quinoline derivatives, albendazole; atovaquone; chloroquine phosphate; diethylcarbamazine crtrate; ef- 
lornithtne; halofantrine; iodoquinol; ivermectin; mebendazole; mefloquine hydrochloride; melarsoprpi B; metronidazole; 
niclosamide; nifurtimox; paromomycin; pentamidine isethionate; piperazine; praziquantel; primaquine phosphate; pro- 
guanil; pyrantel pamoate; pyrimethamine; pyryinium pamoate; quinidine gluconate; quinine sulfate; sodium stiboglu- 
conate; suramin and thiabendazole); an antifungal agent {e.g., allylamines; imidazoles; pyrimidines and triazoles, 
25 54luorocytosine; amphotericin B; butoconazole; chlorphenesin; ciclopirox; clioquinol; clotrimazole; econazole; fluco- 
nazole; flucytosine; griseofulvin; itraconazole; ketoconazole; miconazole; naftifine hydrochloride; nystatin; selenium 
sulfide; sulconazole; teri^inafine hydrochloride; terconazole; tioconazole; tolnaftate and undecylenate). In yet other 
embodiments, the composition is incorporated in a liposome or a slow-release vehicle. 

[0014] In yet another aspect, there is disclosed a composrtion for treating an infection, comprising a compound ac- 
30 cording to the invention. The infection may be caused by, for example, a microorganism, such as a bacterium {e,g., 
Gram-negative or Gram-positive bacterium or anaerobe; examples are Acinetobacter spp., Enterobacter spp., E, coli, 
H. influenzae, K. pneumoniae, R aenjginosa, S. marcescens and S. maitophifia, Bordetella pertussis; Bmcella spp.; 
Campylobacter spp.; Haemophilus ducreyi; Helicobacter pylori; Legionella spp.; Moraxella catarrhalis; Neisseria spp.; 
Salmonella spp.; Shigella spp. and Yersinia spp.; E. faecalis, S. aureus, E. faecium, S. pyogenes, S. pneumoniae and 
35 coagulase-negative staphylococci; Bacillus spp.; Corynebacterium spp.; Diphtheroids; Listeria spp. and Viridans Strep- 
tococci.; Clostridium spp., Bacteroides spp. and Peptostreptococcus spp.; Borrelia spp.; Chlamydia spp.; Mycobacte- 
rium spp.; Mycoplasma spp.; Propionibacterium acne; Rickettsia spp.; Treponema spp. and Ureaplasma spp.) fungus 
(e.flF.,yeast and/or mold), parasite (e.g., protozoan, nematode, cestode and trematode, such as Babesia spp.; Balanti- 
dium coli; Blastocysts hominis; Cryptosporidium parvum; Encephalitozoon spp.; Entamoetfa spp.; Giardia lamblia; 
^0 - Leishmania spp.; Plasmodium spp.; Toxoplasma gondii; Trichomonas spp. Trypanosoma spp, Ascaris lumbricoides; 
Clonorchis sinensis; Echtnococcus spp; Fasciola hepatica; Fasciolopsis buski; Heterophyes heterophyes; Hyme- 
nolepis spp.; Schistosoma spp; Taenia spp. and Trichinella spiralis) or virus {e.g., Alphavirus; Arenavirus; Bunyavirus; 
Coronavirus; Enterovirus; Filovirus; Flavivirus; Hantavirus; HTLV-BLV; Influenzavirus: Lentivirus; Lyssavirus; Para- 
myxovirus; Reovirus; Rhinovirus and Rotavirus, Adenovirus; Cytomegalovirus; Hepadnavirus; Molluscipbxvirus; Or- 
thopbxvirus; Papillomavims; Parvovirus; Polyomavirus; Simplexvirus and Varicellovirus). 

[0015] In other aspects, a connposition is provided, comprising an indolicidin analogue according to the invention 
and an antibiotic. In addition, a device, which may be a medical device, is provided that is coated with the indolicidin 
analogue and may further comprise an antibiotic agent. 

[0016] In other aspects, antibodies that react specifically with any one of the analogues described herein are provided. 

50 The antibody is preferably a monoclonal antibody or single chain antibody. 

[0017] In a preferred aspect, there is disclosed a composition comprising a compound according to the invention 
modified by derivatization of an amino group with a conjugate comprising activated polyoxyalkylene glycol and a fatty 
acid. In preferred embodiments, the conjugate further comprises sorbitan linking the polyoxyalkylene glycol and fatty 
acid, and more preferably is polysorbate. In preferred embodiments, the fatty acid is from 12-18 carbons, and the 

55 polyoxyalkylen glycol is polyoxy ethylene, such as with a chain length of from 2 to 1 00. In preferred embodiments, the 
polyoxyalkyi ne glycol is activated by irradiation with uttraviol t light. 

[001 8] Th re is also disclosed a method of making a compound according to the invention modified with a conjugate 
of an activated polyoxyalkylene glycol and a fatty acid, comprising: (a) freezing a mixture of the conjugate of an activated 
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polyoxyalkylene glycol and fatty acid with the compound; and (b) lyophilizing the frozen nnixture; wherein the compound 
has a free amino group. In preferred embodiments, the compound is a peptide or antibiotic. In other preferred embod- 
iments, the mixture in step (a) is in an acetate buffer. In a related aspect, the method comprises mixing the conjugate 
of an activated polyoxyalkylene glycol and fatty acid with the compound; for a time sufficient to form modified com- 

5 pounds, wherein th mixture is in a carbonate buffer having a gH greater than 8.5 and the compound has a free amino 
group. The modified compound may be isolated by reversed-phase HPLC and/or precipitation from an orgahb solvent. 
[0019] There is also disclosed a phamiaceutical composition comprising at least one modified compound according 
to the invention and a physiologically acceptable buffer, and in certain embodiments, further comprises an antibiotic 
agents antiviral agent, an antiparasitic agent, and/or antifungal agent. The composition hnay be used to treat an infection, 

10 such as those caused by a microorganism {e.g., bacterium, fungus, parasite and virus). 

[0020] These and other aspects of the disclosure will become evident upon reference to the following detailed de- 
scription and attached drawings. In addition, various references are set forth below which describe in more detail certain 
procedures or compositions ^e.g., plasmids, etc.). 

t5 BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] 

Figure 1 isariSDS-PAGE showing the extraction profile of inclusion bodies (ib) fi-om whole cells containing MBI- 
^ 11 fusion protein. The fusion protein band is indicated by the arrow head. Lane 1 , protein standards; lane 2, total 

lysate of XL1 Blue without plasmid; lane 3, total lysate of XL1 Blue (pR2h-11 , pGP1-2), cultivated at 30**C; lane 4, 
total lysate of XL1 Blue (pR2h-11, pGP 1-2), induced at 42**C; lane 5, insoluble fraction of inclusion bodies after 
Triton XI 00 wash; lane 6, organic extract of MBI-11 fusion protein; lane 7, concentratiad material not soluble in 
organic extraction solvent. 

25 Figure 2 is an SDS-PAGE showing the expression prof ile of the MBI-1 1 fusion protein using plaismid pPDR2h-1 1 . 

Lane 1, protein standards; lane 2, organic solvent extracted MBI-11; lane i3, total lysate of XL1 Blue (pPDR2h-11 , 

pGP1 -2), cultured at 30**C; lane 4, total lysate of XL1 Blub (pPDR2h-11 , pGPI ^2), induced at 42*»C. 

Figure 3 presents time kill assay results for MBI 11CN, MBI 11F4CN and MBI 11B7CN. The number of colony 

forming units x 1 0^'* is plotted versus time. 
30 Figure 4 is a graph presenting the extent of solubility of MBI 11CN peptide in various buffers. 

Figure 5 is a reversed phase HPLC profile of MBI 11CN in formulation C1 (left graph panel) and fomnulation D 

(right graph panel). 

Figure 6 presents CD spectra of MBI 11 CN and MBI 11B7CN. 

Figure 7 presents results of ANTS/DPX dye release of egg PC lip»osohries at various ratios of lipid to protein. 
35 Figure 8 presents graphs showing the activity of MB1 1 1 B7CN against mid-log cells grown In terrific broth (TB) or 

Luria-Bretani broth (LB). 

Figure 9 shows results of treatment of bacteria with MBI 10CN, MBI 11CN, or a control peptide alorie or in com- 
bination with valihomycin. 

Figure 10 is a graph showing treatment of bacteria with MBI 11B7CN in the presence of NaCI or Mg2+. 
40 Figure 11 is a graph presenting the in wfroamount of free MBI 11CN in plasma overtime. Data is sHoWn for peptide 

in formulation CI and formulation D. 

Figure 12 is a graph presenting change in in vivo MBI 11CN levels in blood at various times after intravenous 
injection. 

Figure 13 is a graph presenting change in in vivo MB1 11 CN levels in plasma at various tirnes after intraperitoneal 
45 injection. 

Figure 14 is a graph showing the number of anirnals surviving an MSSA infection after intraperitoneal injection of 
MBMOCN, ampicillin, or vehicle. 

Figure 15 is a graph showing the number of animals surviving an MSSA infection after intraperitoneal injedtion of 
MBI ItCN, ampicillin, di' vehicle. 
50 Figure 16 is a graph showing the results of in wVo testing of MBI-IIAiCN against S. aureus (Srhith). Formulated 

peptide at various concentrations is administered by ip injection one hour after infection with S. aureus (Smith) by 
ip injection. 

Figure 17 is a graph showing the results oi in wo testing of MBI-11 E3CN against S. aureus (Smith). Fonmulated 
peptide at various concentrations is administered by ip injection one hour after infection with S. aureus (Smith) by 
55 ip injection. 

Figure 18 is a graph showing the results of /n wVo testing of: MBI-11 F3CN against S. aureus (Smith). Formulated 
peptide at various concentrations is administered by ip injection one hour after Infection with S. aureus (Smith) by 
ip injection. 
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Figure 19 is a graph showing the results of /n wVo testing of MBI-11G2CN against S. aureus (Smith). Formulated 
peptide at various concentrations is administered by ip injection one hour after infection with S, aureus (Smith) by 
ip injection. 

Figure 20 is a graph showing the results of in wVo testing of MBI-11CN against S. aureus (Smith), Fonnulated 
5 peptide at various concentrations is administered by ip injection one hour after infection with S, aureus (Smith) by 

ip injection. , 

Figure 21 is a graph showing the results of in wVo testing of MBI-11B1CN against S. aureus (Smith), Formulated 
peptide at various concentrations is administered by ip injection one hour after infection with S. aureus (Smith) by 
Jp injection. 

10 Figure 22 is a graph showing the results of in i/A^o testing of MBI-11B7CN against S aureus (Smith). Fomnulated 

peptide at various concentrations is administered by ip injection one hour after infection with S. aureus (Smith) by 
ip injection. 

Figure 23 is a graph showing the results of in wVo testing of MBI-11B8CN against S. aureus (Smith). Fomnulated 
peptide at various concentrations is administered by ip injection one hour after infection with S. aureus (Smith) by 
15 ip injection. 

Figure 24 is a graph showing the results of in wVo testing of MBI-11G4CN against S. aureus (Smith). Fonnulated 
peptide at varjous concentrations is administered by ip injection one hour after infection with S, aureus (Smith) by 
ip injection. 

Figures 25A and B display a graph showirig the number of animals surviving an S. ep/derm/cZ/s infection after 
20 intravenous injection of MB! 10CN, gentamicin, or vehicle. Panel A, i. v. injection 1 5. mi n post-infection; panel B, ». 

V. injection 60 min post-infection., 

Figure 26 is a graph showing the. number of animals surviving an MRSA infection mice after intravenous injection 
of MBI 11 CN, gentamicin, or vehicle. . , . 

Figure 27 presents RP-HPLC traces analyzing samples for APS-peptide formation after treatment of activated 
25 polysorbate with a reducing agent. APS-MBI-11CN peptides are formed via lyophilization in 200 mM acetic ac- 

id-NapH, pH 4.6, 1 mg/ml MBI 11CN,.and 0.5% activated polysorbate 80. The stock solution of activated 2.0% 

polysorbate is treated with (a) no reducing agent, (b) 150 mM 2-mercaptoethanol, or (c) 150 mM sodiunri borohy- 
: dride for 1 hour immediately before use, 

Figure 28 presents RP-HPLC traces monitoring the formation of APS-MBI 11CN oyer time in aqueous solution. 
30 The reaction occurs in 200 mM sodium carbonate buffer pH 1 0.0, 1 mg/nnl MB1 11 CN, 0.5% activated polysorbate 

80. Aliquots are removed from the reactiori vessel at the indicated time points and immediately analyzed by 

RP-HPLC. 

DETAILED DESCRIPTION OF THE INVENTION 

35 

[0022] Prior to setting forth the invention, it may be helpful to an understanding thereof to set forth definitions of 
certain terms that are used herein. 

[0023] The amino acid designations herein are set forth as either the standard one-or three- letter code. A capital 
letter indicates an L-form amino acid; a small letter indicates a D-fomn amino acid. 
40 [0024] As used herein, "Indolicidin" refers to an antimicrobial cationic peptide. Indolicidins may be isolated from a 
variety of organisnns. One indolicidin is isolated from bovine neutrophils and is a 13 amino acid peptide amidated at 
the carboxy-terminus in its native form (Selsted et al., J. Biol, Chem. 267:4292, 1992). An amino acid sequence of 
indolicidin is presented in SEQ ID NO: 1. 

[0025] As used herein, a "peptide analogue" or "analogue" of indolicidin is up to 25 5 amino acids in length and has 
anti-microblal activity. Unless otherwise indicated, a named amino acid refers to the L-form. Basic amino acids include 
arginine, lysine, and derivatives. Hydrophobic residues include tryptophan, phenylalanine, isoleuctne, leucine, valine, 
and derivatives. 

[0026] Also included within the scope of this disclosure are amino acid derivatives that have been altered by chemical 
means, such as methylation (e.g., a methylvaline), amidation, especially of the C-temriinal amino acid by an alkylamine 
50 (e.g., ethylamine, ethanolamine, and ethylene diamine) and alteration of an amino acid side chain, such as acylation 
of the e-amino group of lysine. Other amino acids that may be incorporated in the analogue include any of the D-amino 
acids corresponding to the 20 L-amino acids commonly found in proteins, imino amino acids, rare amino acids, such 
as hydroxylysine, or non-protein amino acids, such as homoserine and omithine. A peptide analogue may have none 
or one or more of these derivatives, and D-amino acids. 

55 

A. INDOLICIDIN ANALOGUES 

[0027] As noted above, there are disci sed herein indolicidin analogues. These analogues may be synthesized by 
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chemical methods, especially using an automated peptide synthesizer, or produced by recombinant methods. The 
choice of an amino acid sequence is guided by a general fomiula presented herein. 

1 ■ Peptide characteristics 

[00281 There are disclosed herein indolicidin analogues comprising up to 25 amino acids and containing the fomnula 

I L R W P W W P W R R K. 

[0029] As described above, modification of any of the residues including the N- or C-temiinus is wrthm the scope of 
the disclosure A preferred modification of the C-temiinus is amidation. Other modifications of the C-tenronus include 
esterification and lactone formation. N-termina! modifications include acetylation, acylation. alkylation, PEGylation. 
myristylation, and the like. Additionally, the peptide may be modified to fonn an APS-peptide as descnbed below The 
peptides may also be labeled, such as with a radioactive label, a fluorescent label, a mass spectrometry tag, biotin 
and the like. 

2. Peptide synthesis 

[0030] Peptide analogues according to the invention may be synthesized by standard chemical methods, including 
synthesis by automated procedure. In general, peptide analogues are synthesized based on the standard solidiahase 
Fmoc protection ^rategy with HATU as the coupling agent. The peptide is cleaved from the solid-phase resin with 
tnf ruoroacetic acW containing appropriate scavengers, which also deprotects side chain functional groups. Crude pep^ 
tide is further purified using preparative reversed-phase chromatography. Other purification methods, such as partition 
chromatography, gel filtratibn, gel electrophoresis, or ionexchange chromatography may be used. 
[0031] Other synthesis techniques, known in the art, such as the tBoc protection strategy, or use of different coupling 
reagents or the like can be erifiployed to produce equivalent peptides. 

[0032] Peptides may be synthesized as a linear molecule or as branched molecules. Branched peptides typically 
contain a core peptide that provides a number of attachment points for additional peptides. Lysine is most commonly 
used for the core peptide because it has one carboxyl functional group and two (alpha and epsilon) amine functional 
groups Other diamine acids can also be used. Preferably, either two or three levels of geometrically branched lysines 
are used; these cores form a tetrameric and octameric. core stmcture, respecth/ely (Tarn, Proc. Natl. Acad. Sci. USA 
85:5409, 1 988). Schematically, examples of these cores are represented as shown: 



( Yys-Ala-OH < )Lys-Ala-OH 
^Lyf ^Lys / 

[0033] The attachment points for the peptides are typically at their cariaoxyl functional group to either the alpha or 
epsilon amine groups of the lysines. To synthesize these multimeric peptides, the solid phase resin is 0envatized with 
the core matrix and subsequent synthesis and cleavage from the resin follows standard procedures. The multimeric 
peptide is typically then purified by dialysis against 4 M guanidine hydrochloride then water, using a membrane with a 
pore size to retain only multimers. The multimeric peptides may be used within the context of this disclosure as for any 
of the linear peptides and are preferred for use in generating antibodies to the peptides. 

3. Recombinant production of peptides 

[0034] Peptide analogues according to the invention may attematively be synthesized by recombinant production 
(see eg US Patent No 5 593.866). A variety of host systems are suitable for production of the peptide analogues, 
including bacteria (e.g., E. col,), yeast (e.g.. Saccharomyces cerevisiae), insect (e.g., Sf9), and mammalian cells (e.g. 
OHO COS-7) Many expression vectors have been developed and are available for each of these hosts. Generally, 
bacteria cells and vectois that are functional in bacteria are used in this invention. However, at times, it may be pref- 
erable to have vectors that are functional in other hosts. Vectors and procedures for cloning and expression m E. a>li 
are discussed herein and, for example, in Sambrook et al. {Molecular Cloning: A Laboratory Manual. Cold Spnng 
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Harbor Laboratory Press, Cold Spring Harbor, NY, 1987) and in Ausubel et al. (Current Protocols in Molecular Biology, 
Greene Publishing Co., 1995). 

[0035] A DNA sequence needing one or more indolicidin analogues is introduced into an expression vector appro- 
priate for the host. In preferred embodiments, the analogue gene is cloned into a vector to create a fusion protein. The 

5 fusion partner is chosen to contain an anionic region, such that a bacterial host is protected from the toxic effect of the 
peptide. This protective region effectively neutralizes the antimicrobial effects of the peptide and ajso may prevent 
peptide degradation by host proteases. The fusion partner (carrier protein) disclosed herein may further function to 
transport the fusion peptide to inclusion bodies, the periplasm, the outer membrane, or the extracellular environment. 
Carrier proteins suitable in the context of this disclosure specifically include, but are not limited to, glutathione-S-trans- 

10 ferase (GST), protein A from Staphylococcus aureus, two synthetic IgG-binding domains (ZZ) of protein A, outer mem- 
brane protein F, p-galactosidase (lacZ), and various products of bacteriophage X and bacteriophage T7. From the 
^ teachings provided herein, it is apparent that other proteins may be used as carriers. Furthenmore, the entire cannier 
protein need not be used, as long as the protective anionic region is present. To facilitate isolation of the peptide 
sequence, amino acids susceptible to chemical cleavage (e.g., CNBr) or enzymatic cleavage (e.g., V8 protease, trypsin) 

IS are used to bridge the peptide and fusion partner For expression in E. colt, the fusion partner is preferably a normal 
intracellular protein that directs expression toward inclusion body formation. In such a case, following cleavage to 
release the final product, there is no requirement for renaturation of the peptide. In this disclosure, the DNA cassette, 
comprising fusion partner and peptide gene, may be iriserted into ari expression vector, which can be a plasrhid. virus 
or other vehicle4<nQwn in the art. Preferably, the expression vector is a plasmid that contains an inducible or constitutive 

^0 :prornoter to facilitate the efficient transcription of the inserted DNA sequence in the host. Transfomnation of the host 
cell with the recombinant DNA may be carried out by Ca++-mediated techniques, by electroporatipn, or other methods 
well known to those skilled in the art. 

[0036] Briefly, a DNA fragment encoding a peptide analogue is derived from an existing cDNA or genomic clone or 
synthesized. A convenient method is amplification of the gene from a single-stranded template. The template is gen- 

•^5 eralty the product of an automated oligonucleotide synthesis. Amplification primers are derived from the 5' and 3' ends, 
of the template and typbally incorporate restriction sites chosen with regard to the cloning site of the vector. If necessary, 
translational initiation and termination codons can be engineered into the primer sequences. The sequence encoding 
the protein may be codon-optimized for expression in the particular host. Thus, for example, if the analogue. fusion 
protein is expressed in bacteria, codons are optimized for bacterial usage. Codon optimization. is accomplished by 

30 automated synthesis of the entire gene or gene region, ligation of multiple oligonucleotides, mutagenesis of the native, 
sequence, or other techniques known to those in the art. 

[0037] At minimum, the expression vector should contain a promoter sequence. However, other regulatory sequenc- 
es may also be included. Such sequences include an enhancer, ribosome binding site, transcriptior> termination signal 
sequence, secretion signal sequence, origin of replication, selectable marker, and thp like. The regulatory sequences 

35 are operationally associated with one another to allow transcription and subsequent translation. In prejferred aspects, 
the plasmids used herein for expression include a promoter designed for expression of the proteins in bacteria. Suitable 
promoters, including both constitutive and inducible promoters, are widely available and are well known in the art. 
Commonly used promoters for expression in bacteria include prorrioters from T7, T3, T5, and SP6 phages, and the 
trp, Ipp, and /ac operons. Hybrid promoters (see, U.S. Pjatent No. 4,551,433), such as tac and trc, may also be used. 

40 [0038] In preferred embodiments, the vector includes a transcription temninat or sequence. A "transcription terminator . 
region" is a sequence that provides a signal that terminates transcriptiori by the polymerase that recognizes the selected 
promoter. The transcription terminator may be.obtained from the fusion partner gene or from another gene, as long as 
it is functional in the host. 

[0039] Within a preferred embodiment, the vector is capable of replication in bacterial cells. Thus, the vector may 
45 contain a bacterial origin of replication. Preferred bacterial origins of replication include fl-ori and col E1 ori, especially 
the ori derived from pUC plasmids. Low copy number vectors (e.g., pPD1 00) may also be used, especially when the 
product is deleterious to the host. 

[0040] The plasmids also preferably include at least one selectable marker that is functional in the host. A selectable 
marker gene confers a phenotype on the host that allows transformed cells to be identified and/or selectively grown. 

50 Suitable selectable marker genes for bacterial hosts include the chloroamphenicol resistance gene (Cm ampfcillin 
resistance gene (AmpO, tetracycline resistance gene (TcO kanamycin resistance gene (KanO, and others known in the 
art. To function in selection, some markers may require a complementary deficiency in the host. 
[0041] In some aspects, the sequence of nucleotides encoding the peptide analogue also encodes a secretion signal, 
such that the resulting peptide is synthesized as a precursor protein, which is subsequently processed and secreted. 

55 The resulting secret d protein may be recovered from the periplasmic space or the fermentation medium. Sequences 
of secretion signals suitable for use are widely available and are w II known (von Heijne, J. Mol. Biol. 184:99-A 05, 1 985). 
[0042] The vector may also contain a gene coding for a repressor protein, which is capable f repressing the tran- 
scription of a promoter that contains a repressor binding site. Altering the physiological conditions of the cell can depress 



7 



EP 0 925 308 B1 



the promoter. For example, a molecule may be added that competitively binds the repressor, or the temperature of the 
growth media may be altered. Repressor proteins include, but are not limited to the E. cofflacl repressor (responsnre 
to induction by IPTG). th temperature sensitive Xcl857 repressor, and the like . „ ct 

r00431 Examples of plasmids for expression in bacteria include the pET expression vectors pET3a, pET 11a, pE I 
12a-c and pET 15b (see U.S. Patent 4.952,496; available from Novagen, Madison. Wl). Low copy number vectore (a 
g., pPDI 00) can be used for efficient overproduction of peptides deleterious to the E. coli host (Dersch et al.. FEMS 

100441 Bacterial hosts for the T7 expression vectors may contain chromosomal copies of DNA encoding T7 RNA 
polymerase operabV linked to an inducible promoter (e.g., lacUV promoter; see, U.S. Patent No. 4.^^96). such as 
Sin the E CO// Strains HMS174(DE3)pLysS. BL51 (DE3)pLysS, HMS174(DE3) and BL21(DE3). 17 RNA polymery 
ase can also be present on plasmids compatible with the T7 expression vector The polymerase may be under control 
"^r^Ibdaprolterand riressor (e.g.^ Tabor and Richardson. Proc. Natl. Acad. ScL USA8^. 1074. 1985). 

r00451 The peptide analogue protein is isolated by standard techniques, such as affinity, size exclusion, or ionic 
exchange chromatography, HPLC and the like. An Isolated peptide should preferably show a major band by Coomassie 
blue stain of SDS-PAGE that is at least 90% of the material. 

4 GeneiBtion of analogues by amplification-based semi-ran dom mutagenesis 

100461 IndOlicldirt analogues according to the invention can be generated using an annplificatibn (e.g., PCR)-based 
prbcedure'in which primers are designed to target sequences at the 5' and 3' ends of an encoded parent peptide, for 
example indolfcidin. Amplification conditions are chosen to facilitate misincorporation of nucleotides by the thentiosta- 
ble polymerase during synthesis. Thus, random mutations are introduced in the original sequence, some of which 
result irt arriino acid alteration(s). Amplif fcation products may be cloned into a coat protein of a phage vector, such as 
a phagemid vector, packaged and amplified in an acceptable host to produce a display library. , ' ^ ^ ..^ ^. 
r004^ These libraries can then be assayed for antibiotic activity of the peptides. Briefly, bactena inferted with the 
library are plated, grown, and overlaid with agarose containing a bacterial strain that the phage are unable to infect. 
Zones of growth inhibition in theagarose overiay are observed in the area of phage expressing an anatogue with anti- 
baiiterial activity. These inhibiting phage are isolated and the cloned peptide sequence detemmned by DNA sequence 
analysis. The peptide caii theri be independently syritheslzed and its antibiotic activity further investigated. 

5. Antibodies to indolfcidin analogues 

[00481 Antibodies are typically generated to a specific peptide analogue using multiple antigenic peptides (MAPs) 
that contain approximately eight copies of the peptide linked to a small non-immunogenfe P^P^'^^V' ^" 
immunogen. /see. in general. Hariow and Lane; supra.) The MAPs are injected subcutaneously into rabbits or into 
mfee or other rodents; where they may have sufficiently long half-lives to facilitate antibody production. After twelve 
weeks blood samples are taken, serum Is separated and tested In an ELISA assay against the original peptide, with 
a positive result indicating the presence of antibodies specific to the target peptide. This serum can tiien be Jo^ed and 
used ih^ ELISA assays to specifically measui^e the amount of the speclffc analogue. AltemativeV. other standard meth- 
ods of antibody production may be employed, for example generation of monoclonal anttoodies. _ 
r00491 Within the context of this disclosure, antibodies are understood to include monoclonal antibodies, polyclonal 
antibodies.anti-idiotypte antibodies, antibody fragments (e.g.. Fab;and F(ab')2, F^ variable regions, or complementairty 
determining regions). Antibodies are generally accepted as specific against Indolicidin analogues according to the 
invention if they bind withaKa of greater than or equal to10-7M, preferably greaterthanof^equa^^^ 
of a monoclonal antibody or binding partner can be readily detemiined by one of ordinary skill in the art (^f^^^^^^^^ 
Ann. N.Y. Acad. Sci. 51.660-672, 1 949). Once suitable antibodies have been obtained, they rnay be isolated or punf led 
by many techniques well known to those of ordinary skill in the art. ...» u„i„„^o 

iooSOl Monoclonal antibodies may also be readily generated from hybridoma cell lines using conventional techniques 
(see V.S: Patent Nos. RE 32,011 , 4,902,614. 4,543,439, and 4.411 .993; see also Antibodies: A Laboratory Manuah 
Hariow and Lane (eds.). Cold Spring HartJor Laboratoiy Press, 1 988). Briefly, within one embodiment, a s"bje^ animal 
such as a rat or mouse is injebted with peptide, generally administered as an emulsion in an adjuvant such as J^eu"« « 
complete or incomplete adjuvant in order to increase the immune response. The animal is generally boosted at east 
once prior to harvest of spleen and/or lymph nodes and immortalization of those cells. Various inrwnortalization tech- 
niques such as Mediated by Epstein-Barr virus or fusion to produce a hybridoma. may b used. In a prefenred em- 
bodiment, immortilization occurs by fusion with a suitable myeloma cell line to create «^>'y»';;^']"^f ^2^^«?^?atc^^ 
oclonal antibody, suitable myeloma lines include, for example. NS-1 (ATCC No. TIB 18). and P3X63 .Ag 8.653 (ATCC 
No CRL 1580) The preferred fusion partners do not express endogenous antibody genes. After about seven oays. 
the hybridomas may be screened for the presence of antibodies that are reactive against a telomerase protein. A wide 
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variety of assays may be utilized (see Antibodies: A Laboratory Manual, Harlow and Lane (eds.), Cold Spring Harbor 
Laboratory Press, 1988). 

[0051] Other techniques may also be iitiliz d to construct monoclonal antibodies (see Huse et aL, Science 246: 
1275-1281 , 1989; Sastry et a\.,Proc. Natl. Acad. Sd. USA 86:5728-5732, 1989; Alting-Mees et a!., Strategies in Mo- 

5 lecular Biology 3:1-9, 1990; describing recombinant techniques). These techniques include cloning heavy and light 
chain immunoglobulin cDNA in suitable vectors, such as XimmunoZap(H) and XlmmunoZap(L). These recombinants 
may be screened individually or co-expressed to form Fab fragments or antibodies (see Huse et al., supra; Sastry et 
a\., . supra). Positive plaques may subsequently be converted to a nonrlytic plasmid that allows high-level expression 
of rnonoclonal antibody fragments from E. CO//. , 

10 ; [0052] Similariy. portions or fragments, such as Fab and Fv fragments, of antibodies may also be constructed utilizing 
conventional enzynriatic digestion or recombinant DNA techniques to yield isolated yariable regions of an antibody. 
Within one embodiment, the genes which encode the variable region from a hybridoma producing a monoclonal anti- 
body of interest are amplified using nucleotide primers for the variable region. In addition, techniques may be utilized 
to change a "murine" antibody to a "human" antibody, without altering the binding specificity of the antibody. 

15 

B.TESTING 

[0053] Indolicidin analogues of this disclosure are assessed either alone or in combination with an antibiotic agent 
oranother analogue for their potential as antibiotic therapeutic agents using a series of assays. Preferably, all peptides 
20 are initially assessed in vitro, the most promising candidates selected for further assessrnent /n wVo, and using the 
results of these assays candidates are selected for pre-clinical studies. The in vitro assays include measurement of 
antibiotic activity, toxicity, solubility, phanmacology, secondary structure, liposome permeabilization and the like. In vivo 
assays include assessment of efficacy in animal models, antigenicity, toxrctty, and the like. In general, in vitro assays 
are initially performed, followed by in vivo assays. 

25 

\. In vitro assays 

[0054] Indolbidin analogues are assessed for antibiotic activity by an assay such as an agarose dilution MIC assay 
or a broth dilution or time-kill assay.. Antibiotic activity is measured as inhibition of growth or killing of a microorganism 

30 {e.g., bacteria, fungi). Briefly, acandidate analogue in Mueller Hinton broth supplemented with calcium and magnesiunri 
is mixed with molten agarose. Other formulations of broths and agars may be used as long as the peptide analogue 
can freely diffuse through the medium. The agarose is poured into petri dishes or wells, allowed to solidify, and a test 
strain is applied to the agarose plate. The test strain is chosen, in part, on the intended application of the. analogue. 
Thus, by way of example, if an analogue with activity against S. aureus is desired^ an S. aureus strain is used. It may 

35 be desirable to assay the analogue on seyeral strains and/or on clinical isolates of the test species. Plates are incubated 
overnight and, on the following day, inspected visually for bacterial growth. The minimum inhibitory concentration (MIC) 
of an analogue is the lowest concentration of peptide that completely inhibits growth of the organism. Analogues that 
exhibit good activity against the test strain, or group of strains, typically having an MIC of less than or equal to 16 \iq/ 
ml are selected for further testing. 

40 [0055] The selected analogues may be further tested for their toxicity to normal mammaliar) cells. An exemplary 
assay is a red blood cell (RBC) (erythrocyte) hemolysis assay. Brief ly, red blood cells are isolated from whole blood, 
typk^ally by centrifugatipn, and.washed free of plasma components. A 1% (vA^),suspension of erythrocytes in isotonic 
saline is incubated with different concentrations of peptide analogue. Generally, the analogue will be in a suitable 
formulation buffer. After incubation for approximately 1 hour at 37'*C, the cells are centrifuged, and the absorbance of 

^5 the superriatant at 540 nm is determined. A relative measure of lysis is determined by cornparison to absorbarice after 
complete lysis of erythrocytes using NH4CI or equivalent (establishing a 100% value). An analogue that is not lytic, or 
is only moderately lytic, as exemplified in Example 8, is desirable and Is suitable for further screening; Other in vitro 
toxkiity assays, for example measurement of toxicity towards cultured mammalian cells, may be used to assess /n vitro 
toxicity. 

50 [0056] Solubility of the peptide analogue in formulation buffer is an additional parameter that may be examined. 
Several different assays may be used, such as appearance in buffer. Brief ly, peptide analogue is suspended in solution, 
such as broth or formulation buffer. The appearance is evaluated according to a scale that ranges frpm (a) clear, no 
precipitate, (b) light, diffuse precipitate, to (c) cloudy, heavy precipitate. Finer gradations may be used. In general, less 
precipitate is more desirable. However, some precipitate may be acceptable. 

55 [0057] Additional in vitro assays may be carried out to assess the potential of the analogue as a therapeutic. Such 
assays include peptide solubility in formulations, pharmacology In bio d or plasma, serum prot in binding, analysis of 
secondary structure, for example by circular dichroism, liposome permeabilization, and bacterial inner membrane per- 
meabilization. In general, it is desirable that analogues are solubl and perform better thari indolicidin. 
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2. fn vivo assays 

[00581 Analoguessdectedonthebasisoftheresultsfromtheinvitroassayscanbetested,y7vA«^ 

TmUT antibiotic activity of selected analogues may be assess d /h vn^ for their ability to ameliorate microbial 
Sns^sing animal modete. Within these assays, an analogue is useful as a therapeutic if lnhib,t.on of --00^"- 
iSiowthcLparedtbinhibitiohwithvehiclealoneisstatist^^^^ 

S cuJ^ei isolated from body fluids or sites, or indirectly, by assessing survival rates of infected an >n.als. For as- 

JeSmen Of antibacterial activ^ several animal models are available, such as acute infection '"f 

Swhich (a) nonnal mice receive a lethal dose of microorganisms, (b) neutropenic '"'^Vf^'^^^, ' T t HWiJ^^nd 
6rSnin!s or (c) rabbits receive an inoculum in the heart, and chronic infection models. 

in Dart on the intended clinical indication of the analogue. 

S ^way of exampie.inonesuchnomml mouse model, miceare inoculated iporh, with a^te^^^^ 
Stly.\^e dose is such that 90-100% of animals die within 2 days. The choice of a microrganismai stram for th,s 
aSav depends in part, upon the intended application of the analogue, and in the accompanying examples assays 
aS7arned ouTwrthree different Staphy,o<L.us strains. Briefly, shortly before or after inoculation ^generally wrthm 
60 r^rnutei analogue in a suitable folulation buffer is injected. Multiple injections of analogue may be adrmnetered 
AnlS Sl' obseiSed for up to 8 days post-ihfectlon and the survival of animals is recorded. Successful tream,en 
eZr leiue^^nlmals f rom^eath or delays death to a statistically significant level, as compared wrth non-treatment 
control animals. Analogues that show better efficacy than indolicidin itself are preferred. ^i^^.w, 
raoeTl Z/vatoxicrt; of an khalogue is measured through administration of a range of doses^to animals. typK:ally 
mice by a rbute defined in part by the intended clinical use. The survival of the animals is recorded and I.D50. LCWi«). 
rn?m^imum tolerated dose (mVd) can be calculated to enable comparison of analogues. Analogues less toxic than 

l^T^Z^ntivo assays may be perfom^ed to assist in the selection of analogues -""'-V^-^^^^^ 
For example, immunogenicity of analogues can be evaluated, typically by injection of the 

into nomial animals, generally mice. rats, or rabbits. At various times after injection, serum '"f,l^"?'22L,s 
Je presence of antibodies that bind to the analogue. Testing after multiple injections. '"'"''*:'^'"9;^««^'"^"^P~^J;' 
rnay also be perfomied. Antibodies to analogues can be identified by ELISA; '^•^""°P';«^'P'»«»'°" «^^„7f 
Wofe and other methods, (see. Harlow and Lane. Antibodies: A Laboratory Manual. Cold Spnng Harbor Laboralonr 
Press Cold Spring Harbor. NY. 1988). Analogues that elicit no or minimal production of antibod.es are preferred. Ad- 
d^n^lty phaLai analogues in animals and histopathology of animals treated wrth analogues may be 

[^^""Slection of indolicidin analogues as potential therapeutics is based on vitro an6 In ^^^^^^^J^^^''^ 
genemi, peptide analogues that exhibit low toxicity at high dose levels and high eff ic^ 

candidates. 

3. Synergy assays 

[00641 For assessment of analogues in combination with an antibiotic or another analogue, ^^l^.^^^l^^^f^^^ ^.^ 

Luwected to the above series of assays. Antibiotics include any chemical that tends to prevent, inhibit or destroy I rfe 

^S^such antibiotics include anti-bac:terial agents, anti-fungicides. -«-viraf agents and anti-parasm^^^^^^^ 

by way of example, anti-bacterial antibiotics are discussed. Methods for mixing and administenng the components vaiy 

depending on the intended clinicafuse of the combination. -.k =,,00^1 niat*»« 

100651 Briefly one assay for in vitro anti-bacterial activity, the agarose dilution assay, is set up with an array of plates 

ZLhc^^^teinacombin'ation of peptide analogue andantibiotfcin van 

with bacterial isolates, incubated, and the MICs of the components recorded. TUese results «^ 

th6 FlC Antibiotics used in testing include, but are not limited to. penicillins, cephalosponns. carbacephems. cepliamy 

cins carbapenems. monobactams. aminoglycosides, glycopeptides, quinolones. tetracyclines, macrolides. and fluor- 

^i:^:^:'^^^^^e, but are not limited to. Penicillin G (CAS - ^ 

(CAS Registry No.: 61-32-5); Nafcillin (CAS Registry No.: 147-52.4); Oxacillin (CAS Registry No.: 66-79-5). Ctoxacillm 
CAS?eqfetX NO 61-72-3); Dicloxacillin (CAS Registry No.: 3116-76-5); Ampicillin (CAS Registry No- •^69-53-4). 
LoxicS^'^rRegis^^^ nL 26787-78-0;; TK^rcillin (CAS Registry ^I^^ OJ -^). ^ 

NO.: 4697-36-3): Mezlocillin (CAS Registry No.: 51481-65-3); Aziocillin (CAS Registry ^ 37091-f6-0)^Pjerac,^^^^ 
TcAS Reqistry No- 61477-96-1); Imipenem (CAS Registry No.: 74431-23-5); Aztreonam (CAS Registry No 
Sm-SS) ?eph".othi (CAS R^gist^ No.: 153-61-7); Cefazo.in (CAS Registry No^- 25953-19-9); Cefaclor ((^S 
Registry No.: 7(»56-03-5); Cefamandole formate sodium (CAS Registry No.: 42540-40-9); Cefoxitin (CAS Registry 
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No.: 35607-66-0); Cefuroxime (CAS Registry No.: 55268-75-2); Cefonicid (CAS Registry No.: 61270-58-4); Cefmeta- 
zole (CAS Registry No.: 56796-20-4); Cefotetan (CAS Registry No.: 69712-56-7); Cefprozil (CAS Registry No.: 
92665-29-7); Loracarbef (CAS R gislry No. : 1 21 961 -22-6); Cefetamet (CAS Registry No.: 65052-63-3); Cefoperazone 
(CAS Registry No.: 62893-19-0); Cefotaxime (CAS Registry. No.: 63527-52-6); Ceftlzoxime (CAS Registry No.: 
68401-81-0); Ceftriaxone (CAS Registry No.: 73384-59-5); Ceftazidime (CAS Registry No.: 72558-82-8); Cefepime 
(CAS Registry No.: 88040-23-7); Cefixime (CAS Registry No.: 79350-37-1); Cefpodoxime (CAS Registry No.: 
80210-62-4); Cefsulodin (CAS Registry No.: 62587-73-9); Fleroxacin (CAS Registry No.: 79660-72-3); Nalidixic acid 
(CAS Registry No.: 389-08-2); Norfloxacin (CAS Registry isio.: 70458-96-7); Ciprofloxacin (CAS Registry No.: 
85721-33-1); Ofloxacin (CAS Registry No.: 82419-36-1); Enoxacin (CAS Registry No.: 74011-58-8); Lomefloxacin 
(CAS Registry No.: 98079-51-7); Cinoxacin (CAS Registry No.: 28657-80-9); Doxycycline (CAS Registry No.: 
564-25-0); Minocycline (CAS Registry No.: 10118-90-8); Tetracycline (GAS Registry No,: 60-54-8); Anriikacin (CAS 
Registry No.: 37517-28-5); Gentamicin (CAS Registry No.: 1403-66-3); Kanamycin (CAS Registry No.: 8063-07-8); 
Netilmicin (CAS Registry No.: 56391-56-1); Tobramycin (CAS Registry No.: 32986-56-4); Streptomycin (CAS Registry 
No.: 57-92-1); Azithromycin (CAS Registry No.: 83905-01-5); Clarithromycin (CAS Registiy No.: 81103-11-9); Eryth- 
romycin (CAS Registry No.: 114-07-8); Erythromycin estolate (CAS Registry No.: 3521-62-8); Erythromycin ethyl suc- 
cinate (CAS Registry No.: 41342-53-4); Erythromycin glucoheptonate (CAS Registry No.: 23067-13:2); Erythromycin 
lactobionate (CAS Registry No.: 3847-29-8); Erythromycin stearate (CAS Registry No.: 643-22-1); Vancomycin (CAS 
Registry No.: 1404-90-6); Teicoplanin (CAS Registry No.: 61036-64-4); Chloramphenicol (CAS Registry No.: 56-75-7); 
Clindamycin (CAS Registry No.: 18323-44-9); Trimethoprim (CAS Registry No.: 738-70-5); Sulfamethoxazole (CAS 
Registry No.: 723-46-6); Nitrofurantoin (CAS Registry No.: 67-20-9); Rifampin (CAS Registry No.: 13292-46-1); Mupi- 
rocin (CAS Registry No.: 12650-69-0); Metronidazole (CAS Registry No.: 443-48-1); Cephalexin (CAS Registry No.: 
15686-71-2); Roxithromycin (CAS Registry No.: 80214-83-1); Co-amoxiclavuanate; combinations.of Piperacillin and 
Tazobactam; and their various salts, acids, bases, and other derivatives. 



Table 1 



Class of Antibiotic 


Antibiotic 


Mode of Action 


PENICILLINS 

Natural 

Penicillinase resistant 

Acylamino-penicillins 

Carboxy-penicillins 

Ureido-penicillins 


Penicillin G, Benzylpenicillin Penicillin 
V, Phenoxymethylpenicillin 
Methicillin, Nafciltin, Oxacillin 
Cloxacilltn, Dicloxacillin 
Amplcillin, Amoxicillin 
Ticarcillin, Carbenicillin 
Mezlocillin, Aziocillin, Piperacillin 


Blocks the formation of new cell walls in 
bacteria 


CARBAPENEMS 


Imipenem, Meropenem 


Blocks the formation of new cell walls in 
bacteria 


MONOBACTAMS 


Aztreonam 


Blocks the formation of new cell walls in 
bacteria 


CEPHALOSPORINS 

1 St Generation 
2nd Generation 

3rd Generation 
4th Generation 


Cephalothin, Cefazolin 
Cefaclor, Cefamandole 
Cefuroxime, Cefonicid, 
Cefmetazole, Cefotetari, Cefprozil 
Cefetamet, Cefoperazone 
Cefotaxime, Ceftlzoxime 
Ceftriaxone, Ceftazidime 
Cefixime, Cefpodoxime, Cefsulodin 
Cefepime 


Prevents fomnation of new cell walls in 
bacteria 


CARBACEPHEMS 


Loracarb f 


Prevents fomnation of new cell walls in 
bacteria 
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Table 1 (continued) 


Class of Antibi tic 


Antibiotic 


. IVIoac OT Mwii n 


CEPHAMYCINS 


Cefoxitin 


Prevents fonmation of new cell wralls in 
bacteria 


QUINOLONES 


Fleroxacin, Nalidixic Acid 
Norfloxacin, CiproTioxacin 

Ofloxacin, Enoxacin 
Lomefloxacin, Cinoxacin 


Inhibits bacterial DNA 

oyl ill 


TETRACYCLINES 


Dbxycycllne. Minocycline, Tetracycline 


Inhibits bacterial protein synthesis, binds 
to 30S ribosome subunit. 


AMINOGLYCOSIDES 


Amikacin, Gentarriicin, Kanamycin, 
Netilmicin, Tobramycin, Streptomycin 


Inhibits bacterial protein synthesis, bipds 
to SOS ribosome subunit. 


MACROLIDES 

Derivatives of Erythromycin 


Azithromycin, Clarithromycin, 
Erythromycin 
Erythromycin estolate, Erythromycin 
stearate Erythromycin ethylsuccinate 
Erythromycin gluceptate Erythromycin 
lactbbionate 


Inhibits bacterial protein synthesis, binds 
to SOS ribosome subunit 


GLYCOPEPTIDES 


Vancomycin, Teicoplanin 


Inhibits cell wall synthesis, prevents 
peptidoglycan elongation. 


MISCELLANEOUS 


Chloramphenicol 
Clindamycin 
Trimethoprim 

Sulfamethoxazole 
Nitrofurantoin , 

Rifampin 
Mupirocin 


Inhibits bacterial protein synthesis, binds 

to SOS ribosome subunit. 

Inhibits bacterial protein synthesis, binds 

to SOS ribosome subuhit. 

Inhibits the enzyme dihydrofolate 

reductase, which activates folic acid. 

Acts as antimetabolite of PABA & inhibits 

synthesis of folic acid 

Action unknown, but is concentrated in 

urine where it can act on urinary tract 

bacteria 

Inhibits bacterial RNA pblymerase 
Inhibits bacterial protein synthesis 



[00671 Synergy is calculated according to the formula below. An FIC of < 0.5 is evidence of synergy, although conn^ 
binations with higher values may be therapeutically useful. 

MIC (peptide. in combination) . MIC (antibiotic in combination) _ p^-. 
MIC (peptide alone) MIC (antibiotic alone) 

10068] For example, antibiotics from the groups of penicillins, cephalosporins, carbacephems, cephamycins. car- 
bapenems. monobactams. aminoglycosides, glycopeptides, quinolones. tetracyclines, macrolides, fluoroquinolones, 
and other miscellaneous antibiotics may be used in combination with any of the peptides disclosed herein. 

C. POLYMER MODIFICATION OF PEPTIDES AND PROTEINS 

100691 As noted herein, there are disclosed methods and compositions for modifying a compound according to the 
invention with an activated polysorbate ester and derivatives. The modified or derivatized forms are referred to herein 
as "APS-modified peptides" or"APS-modified proteins". APS-modifled compounds (e.g., APS-cationic peptides) have 
improved phamnacological properties. 
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1 . Characteristics of reagent 

[0070] As discussed herein, a suitable reagent for fonmation of APS-nr^odified compounds according to the invention 
(e.g., peptides and proteins) connprises a hydrophobic region and a hydrophilic region, and optionally a linker. The 

5 hydrophobic region is a lipophilic compound with a suitable functional group for conjugation to the hydrophilic region 
or linker. The hydrophilic region is a polya Iky lene glycol. As used herein, "poly alky lene glycol" refers to 2 or 3 carbon 
polymers of glycols. Two carbon polyalkylenes include polyethylene glycol (PEG) of various molecular weights, and 
its derivatives, such as polysorbate. Three carbon polyalkylenes include polypropylene glycol and its derivatives. 
[0071 J The hydrophobic region is generally a fatty acid, but may be a fatty alcohol, fatty thiol, and the like, which are 

10 also lipophilic compounds. The fatty acid may be saturated or unsaturated. The chain length does not appear to be 
important, although typically commercially available fatty acids are used and have chain lengths of C^2-18- length 
may be limited however by solubility or solidity of the compound, that is longer lengths of fatty acids are solid at room 
temperature. Fatty acids of 12 carbons (lauryl), 14 carbons, 16 carbons (palmitate), and 1 8 carbons (monostearate or 
oleate) are preferred chain lengths. 

15 [0072J The hydrophilic region is a polyalkylene glycol, either polyethylene or polypropylene glycol monoether The 
ether function is fonried by the linkage between the polypxyethylene chain, preferably having a chain length of from 2 
to 1 00 monomeric units, and the sorbitan group. Polymethylene glycol is unsuitable for administration in anirnals due ; 
to formation of formaldehydes, and glycols with a chain length of > 4 nriay be insoluble. Mixed polyoxyethylene-poly- 
oxypropylene chains are also suitable. 

20 [0073J , A linker for bridging the hydrophilic and hydrophobic regions is not required, but if used, should be.a bifunc- 
tional nucleophile able to react with both polyalkylene glycol and the hydrophobic region. The linker provides electrons 
fora nucleophilic reaction with the polyalkylene glycol, typically fomried by reaction with ethylene oxide or propylene 
oxide. Suitable linkers include sorbitan, sugar alcohols, ethanolamtne, ethanolthiol. 2-mercaptoethanol, 1 .6 diamino- 
hexane, an amino acid (e.g., glutamine, lysine), other reduced sugars, and the like. For example, sorbitan. fomns ah 

25 ester linkage with the fatty acid in a polysorbate. 

[0074] Suitable compounds include poly oxyethylenesorbitans, such as the monolaurate, monooleate, monopalmi- 
tate, monostearate, trioleate, and tristearate esters. These and other suitable compounds may be synthesized by 
standard chemical methods or obtained commercially {e.g,, Sigma Chemical Co., MO; Aldrich Chemical Co., Wl; J.B. 
,Baker,NJ). 

30 

2. Activation of reagent 

[0075] The reagent, generally a polysorbate, is activated by exposure to UV light with free exchange of air. Activation 
. is achieved using a lamp that irradiates at 254 nm or 302 nm. Preferably, the output is centered at 254 nm. Long r 
55 wave lengths may require longer activation time. While.some evidence exists that fluorescent room light can activate 
the polysorbates, experinrients haye shown that use of UV light at 254nm yields maximal activation before room light 
yields a detectable level of activation. 

[0076] Air ptays an important role in the activation of the polysorbates. Access to air doubles the rate of acth^atidn 
relative to activations performed in sealed containers, it is not yet known which gas is responsible; an oxygen derivative 
40 is likely, although peroxides are not involved. UV exposure of compounds with ether linkages is known to generate 
peroxides, which can be detected and quantified using peroxide test strips. In a reaction, hydrogen peroxide at 1 to 
10 fold higher level than found in UV-activated materia! was added to a polysorbate solution in the absence of light. 
No activation was obtained. 

[0077] The reagent is placed in a suitable vessel for irradiation. A consideration for the vessel is the ability to achieve 
^5 unifomn irradiation. Thus, if the pathlength is long, the reagent may be mixed or agitated. The activation requires air; 
peroxides are not involved in the activation. The reagent can be activated in any aqueous solution and buffering is not 
..required. 

[0078] An exemplary activation takes place in a cuvette with a 1 cm liquid thickness. The reagent is irradiated at a 
distance of less than 9 cm at 1500 ^W/cm^ (initial source output) for approximately 24 hours. Under these conditions, 
50 the activated reagent converts a minimum of 85% of the peptide to APS-peptide. 

3. Modification of peptides or proteins with activated reagent 

[0079] The peptides or proteins are reacted with the APS reagent in either a liquid or solid phas and become modified 
55 by the attachment of the APS derivative. The methods described herein for attachment offer the advantage of main- 
taining the charge on the peptide or protein. When the charge of the peptide is critical to its function, such as the 
antibiotic activity of cationic peptides described herein, these attachment methods offer additional advantages. Methods 
that attach groups via acylation result in th loss of positive charge via conversion of amino to amido groups. In addition. 



13 



20 



EP 0 925 308 B1 

no bulky or potentially antigenic linker, such as a triazine group, is known to be introduced by the methods described 

rooaoi As noted above. APS-peptide formation occurs in solW phase or in aqueous solution. Briefly, in the solid phase 
method tt p^'deTsuspenSed in a surtable buffer, such as an acetate buffer. Other suitable buffers tha^ support 
AS-pep«de'fo'm,ation may also be used. The acetate buffer may be sodium, rubidiunn. I^^^-^. -^^^^J^^'^- 
acetate solutions, such as HAc or HAc-NaOH. are also suitable. A preferred pH range for the buffer s from 2 to 8.3 
aS^ough at^^^ may b^ used. When the starting pH of the acetic acid-NaOH buffer is vaned subsequent 

fyopion f rom 20§ mM acette acid buffer yields onV the Type 1 modified peptide (see Exanr.ple 4). Tb- Presence 
S ^n alkaline buffer component results In the fomiation of Type 11 modified peptides. A typ.^^^^^ 
Z 1 mS whfeh results in 85-95% modified peptide, however other concentrations are surtable. The major cons.d- 
eration for detem^lning concentration appears to be economic. The activated polymer (APS) is added ,n molar excess 
roCp^tfde s™that a 1 :1 molar ra«o of APS-modif.ed peptide is generated- Generally, a starting ratio of approx- 
imatelv 2 5-1 (APSpeptide) to 5:1 (APSi peptide) yields a f:1APS-modified peptide. . .. ». 

SJ^r^l traction mix L then frozen (i.. -80»C) and lyophi.ized. Sodium -^-'f- '^ZTn^^f^SxU^^ 
acid and NaOH during lyophilization; removal of the volatile acetic acid by the vacuum leaves NaOH d.^^^^^^ 

ouMhe result solid rSalrii. This loss of acetfc acid is confimied by a pH increase detected upon d.ssolut,^ the 
hAODhilizate No APS-modified peptide is formed in acetate buffer if the samples are only frozen then thawed. 
K ^e IdtfLln reacZ can also take place in aqueous solution. However. APS modifications do n.^^^^^^ 
Lt amiienttemperature in any acetate buffer system tested regardless of pH. APS '"f J^^^^l^"^^^^^^ 
in Phosphate buffers as high as pH 11.5. APS modification does occur m a sodium carbonate b"fler at a pH greater 
han about 8.5. Other buffl.^ maV also be used if they support derivitization. A pH range of 9-11 .s al^^ ^"-^•^^^^ 
pH 10 is most commonly used. The reaction occurs in two phases: Type I peptides fomi first, followed, by fomiation 

EST "l^S'Sclosure. linkage occurs at an amino group. For a peptide, linkage can ocxur at t^^^ «:NH2^°^*«^^^ 
25 terminal amino acid or e-NH, group of lysine. Other primary and secondary amines may also be modified. Gomplete 
brrro""a^nogroupsby\cyLonVBI11CN-Y1)inhibftsAPS 
or tryptophari residues does not odcur. If the only amino group available is the «-ami^^^^^ 

MBI 11G14CN). the Type I form is observed. The inclusion of a single lysine (ap.. MBI 11B1CN. MBI 11B7CN. MBl 
5^ icN). providing a^e-amino group, results in Type II fomis as well. The amount of Type II formed increases for 
30 peptides With more lysine residues. 

4. Purification and physical properties of APS-modifie d peptides 

[00841 The APS-modified peptides may be purified. In circumstances in whfch the free peptide is toxic, purification 

3S m^ln2essarytoremoveunmodmedpepttdeand/orunreactedpolysorbate.Anyof 

mS be used. SUch methods include reversed phase HPLG. precipitation by Organic so^ent o remove ^^f^^' 
^ze exclusion chromatography, ion exchange chromatography, filtration and the like. RP-HPLC is preferred. Proce- 
dures for these separation methods are weir knbwn. . . ^ * tu^* >>.^ r«r.r 

[00851 APS-peptide (or protein) fom^atiort results in the generation of peptide^ntaming products that a^^^^^^^ 

40 hydrophobic that the parent peptide. This property can be exploited to effe<^^ separation of the ^J]^^^^^^^^ 
peptide by RP-HPLC. The conjugates are resolved into two populations based on their hydrophobicity as detemiined 
bv RP-HPLC; the Type I population elutes slightly earlier than the Type II population. ^ 
[00861 The MB1 1 Vseries of peptides have molecular weights between 1 600 and f OO-.^J^^" ~" f^f "^^^^^^^ 
column, a size exclusion column, these peptides elute no earlier than the bed volume indicating ^^"^'^"'^ "^^^^^^^^^ 

4B below 20 kDa. In contrast, the APS-modified peptides elute at 50 kDa, thus demonstrating a large increase in apparent 
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So8^ An increase in apparent molecularmasscouldenhancethephamiacokineticsofthec^^^^ 
ScSsed molecular mai reduces th^ rate at which peptides and proteins are removed from "^^^^^^^ 
may offer additional benefits by delhrering "packets" of peptkJe molecules to microorganisms f^t^'.^^^'JJ JlSor d 
murtiple binding of single peptide molecules. In addition, the APS-modified peptides are «°'"btem methylene «*^^^^ 
or chtorofom,. whereas the parent peptide is essentially insoluble. This increased organic solubilrty may significantly 

Torr raJ^nTc^rrhrmT^^^^^^ APS-modmed peptides are observed to have an aKered 3-di- 

SnensLI^confomnation. As shown in the Examples. MBI 11CN and MBI 11B7CN have 

phate buffer or 40% aqueous trifluoroethanol (TFE) and fomi a p-tum conformation only upon insertior^ into '"Poso^^s. 
!n clntrSt CD spectrlfor APS-modifi^^ MBI 11CN and APS-modified MBI 11B7CN indicate p-tum structure in phos- 
phate buffer. 
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D. FORMULATIONS AND ADMINISTRATION 

[0089] As noted above, th re are disclosed her in nriethods for treating and preventing infections by administering 
to a patient a therapeutically effective amount of a peptide analogue of indolicidin as described herein. Patients suitable 
for such treatPTfent may be identified by well-established hallmarks of an infection, such as fever, pus, cultur of organ- 
isms, and the like. Infections that may be treated with peptide analogues include those caused by or due to microor- 
ganisms. Examples of microorganisms include bacteria (e.g.. Gram-positive, Gram-negative), fungi, (e,g,, yeast and 
molds), parasites (e.g., protozoans, nematodes, cestodes and trematodes), viruses, and prions. Specific organisms 
in these classes are well known (see\oT example, Davis et a!., Microbiology, 3"^ edition. Harper & Row. 1 980). Infections 
include, but are not limited to, toxic shock syndrome, diphtheria, cholera, typhus, meningitis, whooping cough, botulism, 
tetanus, pyogenic infections, dysentery, gastroenteritis, anthrax, Lyme disease, syphilis, rubella, septicemia and 
plague. 

[0090] Effective treatment of infection may be examined in several different ways. The patient may exhibit reduced 
fever, reduced number of organisms, lower level of inflammatory molecules {e.g., IFN-y, IL-12,. IL-1 , TNF), and the like. 
[0091] Peptide analogues of the present invention are preferably administered as a pharmaceutical composition. 
Briefly, pharmaceutical compositions disclosed herein niay comprise one or more of the peptide analogues described 
herein, in combination with one or more physiologically acceptable carriers, diluerits, or excipients, As noted herein, 
the fomnulation buffer used may affect the efficacy or activity of the peptide analogue. A suitable formulation buffer 
contairis buffer and solubilizer. The formulation buffer may comprise buffers such as isbdium acetate, so.diurn citrate, 
neutral buffered saline, phosphate-buffered saline, and the like or salts, such as NaCI. Sodium acetate is preferred. In. 
general, an acetate buffer from 5 to SQCmM is used, and preferably from 1 00 to 200 mM. The pH of the final forrnulatlon 
may range from 3 to 10. and is preferably approximately neutral (about pH 7-8). Solubilizers, such as polyoxyethyle- 
nesorbitans (e.g., Tween 80, Tween 20) and polyoxyethylene ethers (e.g., Brij 56) may also be added if the compound 
is not already A PS-modified. 

[0092] Additional compounds may be included in the compositions. These include, for example; cartjohydrates such 
as glucose, mannose, sucrose or dextrose, mannitol, other proteins, polypeptides or amino acidSi chelating agents 
such as EDTA or glutathione, adjuvants and preservatives. As noted he rein, pharmaceutrcai compositions of the present 
invention may also contain one or more additional active ingredients, such as an antibiptk: "(see discussion herein on 
synergy) or cytokine. . 

[0093] The compositions may be administered in a delivery vehicle. For example, the coniposition can be encapsu- 
lated in a liposome (see, e.g., WO 96/1 0585; WO 95/35094), complexed with lipids, encapsulated in slow-release or 
sustained release vehteles, such as poly-galactide, and the like. Within other embodiments, compositions may be 
prepared as a lyophilizate, utilizing appropriate excipients to provide stability. 

[0094] Pharmaceutical compositions disclosed herein may be adnriinistered in various manners. For example, peptide 
analogues may be administered by intravenous injection, intraperitoneal injection or implantation, subcutaneous inj c- 
tion or implantation, intrademnal injection, lavage, inhalation, implantation, intramuscular injection or implantation, in- 
trathecal injection, bladder wash-out, suppositories, pessaries, topical (e.g., creams, ointments, skin patches, eye 
drops, ear drops, shampoos) application, enteric, oral, or nasal route. The analogue rnay be applied locally as an 
injection, drops, spray, tablets, cream, ointment, gel, and the like. Analogue may be administered as a bolus or as 
multiple doses over a period of time. 

[0095] The level of peptide in serum and other tissues after administration can be monitored by various well-estab- 
lished techniques such as bacterial, chromatographic or antibody based, such as ELISA, assays. 
[0096] Phamnaceutical compositions disclosed herein are administered in a manner appropriate to the infection or 
disease to be treated. The amount and frequency of administration will be detemnined by factors such as the condition 
of the patient, the cause of the infection, and the severity of the infection. Appropriate dosages may be detemnined by 
clinical trials, but will generally range from about 0.1 to 50 mg/kg. 

[0097] In addition, the analogues disclosed herein may be used in the manner of common disinfectants or in any 
situation in which microorganisms are undesirable. For example, these peptides may be used as surface disinfectants, 
coatings, including covalent bonding, for medical devices, coatings for clothing, such as to inhibit growth of bacteria 
or repel mosquitoes, in fitters for air purification, such as on an airplane, in water purification, constituents of shampoos 
and soaps, food preservatives, cosmetic preservatives, media preservatives, herbicide or insecticides, constituents of 
building materials, such as in silicone sealant, and in animal product processing, such as curing of animal hides. As 
used herein, "medical device" refers to any devtee for use in a patient, such as an implant or prosthesis. Such devices 
include, stents, tubing, probes, cannulas, catheters, synthetic vascular grafts, blood monitoring devrces, artificial heart 
valves, needles, and th like. 

[0098] For these purposes, typically the peptides alone or in conjunction with an antibiotk; are included in composi- 
tions commonly employed or in a suitable applicator, such as for applying to clothing. They may be incorporated or 
impregnated into the material during manufacture, such as for an air filter, or otherwise applied to devices. The peptides 
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and antibiotics need only be suspended in a solution appropriate for the device or article. Polymers are one type of 

rSSS^^wLatoguet especially the labeled analogues, may be used in image analysis and diagnostic assays or 
for targeting sites in eukaryotic multicellular and single cell cellular organisms and in pfokaryotes. As atargetmg system, 
the analogues may be coupled with other peptides, proteins, nucleic acids, antibodies and the like. 
(01001 Thefonowingexamplesareofferedby way of illustration, and not by way of limitation. 

EXAMPLES 
EXAMPLE 1 

SYNTHESIS PURIFICATION AND CHARACTERIZATION OF PEPTIDE ANALOGUES 

fOlOlt Peptide synthesis is based on the standard solid-phase Fmbc protection strategy. The instrument ernployed 
is a 9050 Plus PepSynthesiser (PerSeptive BioSystems Inc.). Polyethylene glycol polystyrene (PEG-PS) graft resins 
are employed as the solid phase, derivatized with an Fmoc-protected amino acid Hnker for C-terminal amide synthesis. 
HATU (0-(7-azabenzotriazole-1 -yl)-1 ,1 .3.3-tetramethyluronium hexafluorophosphate) is used asthe coupling reagent. 
During synthesis, coupling steps are continuously monitored to ensure that each amino acW is incorporated in^high 
yield. The peptide is cleaved from the solid-phase resin using trif luoroiacette acid and appropriate scavengers and the 
crude peptide is purified using preparative reversed-phase chromatography. .. . , . 

r0lb21 All peptides are analyzed by mass spectrometry to ensure thatthe product has the expected molecular mass. 
The product should have a single peak accounting for >95% of the total peak area when subjected to ^'^f^^^^J^ 
versed-phase high performance liquid chromatography (RP-HPLC). In addition, the peptide should show a single band 
accounting for >90% of the total band intensity when subjected to acid-urea gel electrophoresis. 
101031 Peptide cohtent. the amount of the product that is peptide ratherthari retained water, salt or solventi is meas- 
ured by quantitative amino acid analysis, free amine derivatization or spectrophotometric quantitation. Amino acid 
analysfe also provides Infoiroation on the ratio of amino acids present in the peptide, whfch assists in confimiing the 

roiMpS^ptw'TaSgues and their names are listed in Table 2. In this table, and elsewhere, the amino acids are 
denoted by the one-letter amino acid code and lower case letters represent the D-form of the ammo acid. 
[01051 It is noted that all sequences not containing the fomiula I L R W P W W P W R R K , that is. all sequences 
different from the names 11 B^CN, IIBneCN, IIB^tCN and ^^B,^Ch^ do not fom, part of the present invention and are 

of a comparative nature. / . 
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11G7CN - ILKKWPWWPWRR 

11G13CN ILKKWPWMPWK 

nG14CN ILKKWPWWPWR 

IIHICN ALRWPWViPWRRK 

IIHZCM lARWPWWPWRRK 

11H3CN ILAWPWWPWRRK 

11H4CN ILRAPWWPWRRK 

11H5CN ILRWAWWPWRRK 

11H6CN ILRWPAWPWRRK 

11H7CN I L R M P W A P W R R K 

11H8CM 1 L R W P W W A W R R K 

11H9CN i L R M P W W P A R R K 

IIHIOCN 1 LRWPWWPWARK 

liHllCN I L R W P W W P W R A K 

11H12CN I L R W P W W P W R R A 

CN suf f i X = ami dated C - terrai nus 

H suffix = hOTOserine at C-terminus 

R suffix = retro-synthesized peptide 



EXAMPLE 2 



SYNTHESIS OF MODIFIED PEPTIDES 



[01 061 Indolicldin analogues are modified to alter the physical properties of the original peptide. Such nfiodif ications 
include: acetylation at the N-terminus. Fmoc-derivatized N-terminus. polymethylation, peracetylation. and branched 

[01 071 a-N-termtnal acetylation. Prior to cleaving the peptide f ronn the resin and deptrotecting it. the fully protected 
peptide is treated with N-acetylirtiidazble in DMF for 1 hour at room temperature, which results in selective reaction at 
the a-N-terminus. The peptide is then deprotected/cleaved and purified as for an uhmodified peptide. 
[01081 Fmoc-derivatized a-N-terminus. If the final Fmoc deprotection step is not carried, the a-N-terminus Fmoc 
group remains on the peptide. The peptide is then side-chain deprotected/cleaved and purified as for an unmodified 

[0109^ Polymethylation. The purified peptide in a methanol solution is treated with excess sodium bicarbonate, fol- 
lowed by excess methyl iodide. The reaction mbrture is stinred overnight at room temperature, extracted with organic 
solvent neutralized and purified as for an uhmodified peptide^ Using this procedure, a peptide is not fully methylated; 
methylation of MBI 11CN yielded an average of 6 methyl groups, thus, the modified peptide is a mixture of methylated 

products. . 
[01 1 01 Peracetylation. A purified peptide in DMF solution is treated with N-acetylimidazole for 1 hour at room tem- 
perature. The crude product is concentrated, dissolved in water, lyophilized, re-dissolved in water and purified as for 
an unmodified peptide. Complete acetylation of primary amine groupis is obsen/ed. k h 

[01 1 1 1 Four/eight branch derivatives. The branched peptides are synthesized on a four or eight branched core bound 
to the resin. Synthesis and deprotection/deavage proceed as for an unmodified peptide. These peptides are punfied 
by dialysis against 4 M guanidine hydrochloride then water, aiid analyzed by mass spectrometry. 
[01 1 2] Peptides modified using the above procedures are listed in Table 3 . 
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. - Tables 

Peptide Peptide Sequence Modification 
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EXAMPLE 3 

RECOMBINANT PRODUCTION OF PEPTIDE ANALOGUES 

[0113] Peptide analogues are alternatively produced by recombinant DNA technique in bacterial host ^ cells. The 
peptide is produced as a fusion protein, chosen to assist in transporting the fusion peptide to inclusion bodies, periplasm, 
outer membrane or extracellular environment. 

Construction of pfasmids encoding MB!- 1 1 peptide fusion protein 

[0114] Amplification by polymerasie chain reaction is used to synthesize doublestranded DNA encoding the MBI 
peptide genes from single-stranded templates. For MBI-11 , 100 p.1 of reaction mix is prepared containing 50 to 100 ng 
of template, 25 pmole of each primer, 1 .5 mM MgCl2, 200 \iU of each dNTP, 2U of Taq polymerase in the supplier's 
buffer. The reactions proceeded with 25 cycles of 94'C for 30 sec., 55^ C for 30 sec., 74^C for 30 sec., followed by 
74**C for 1 min. Amplified product is digested with BarrHX aind Mndill and cloned into a plasmid expression vector 
encoding the fusion partner and a suitable selection marker. 

Production of f^Bf -11 peptide fusion in E. coii 

[0115] The plasmid pR2h-11 , employing a T7 pronioter, high copy.origin of replication, Ap*^ marker and containing 
the gene of the fusion protein, is co-electroporated with pGPI -2 into E. co// strain XL1 -Blue. Plasmid pGP1 -2 contains 
a T7 RNA polymerase gene under control of a lambda promoter and cl857 repressor gene. Fusion protein expression 
is induced by a temperature shift from 30**C to 42**C. Inclusion bodiefs are washed with solution containing solubilizer 
and extracted with organic extraction solvent. Profiles of the samples are analyzed by SDS-PAGE. Figure 1 shows the 
SDS-PAGE analysis and an extraction profile of inclusion body from whole cell. The major contaminant in the organic 
solvent extracted material is p-lactamase (Figure 1). The expression level in these cells is presented in Table 4. 



Table 4 



Fusion protein 


Mol.mass (kDa) 


% protein in whole cell 
lysate 


% in inclusion body 
extract 


% which is MBI-11 
peptide 


MBI-11 


20.1 


15 


42 


7.2 



[0116] In addition, a low-copy-number vector, pPDIOO, which contains a chloramphenicol resistanc gene, is used 
t express MBI-11 in order to eliminate the need for using ampicillin, thereby reducing the appearance of p-tactamase 
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in 



... extracted material. This plasmid allows selective gene expression and high-level protein overproduction in E. cob 
using the bacteriophage T7 RNA polymerase/T? promoter system (Dersch et al„ FEMS MicrobloL Lett. 123: 
1 9-26 1 994) pPD1 00 contains a chloramphenicol resistance gene (CAT) as a selective marker, a multiple cloning site, 
and an on sequence derived frorti the low-copy-number vector pSC1 01 . There are only about 4 to 6 copies of these 
plasmids per host ceil. The resulting. construct containing MBI-11 is called pPDR2h-11 . Rgur 2 pr sents a.gel elec- 
trophoresis analysis of the MBI-11 fusion protein expressed in this vector. Expression level of MBI-11 fusion protein is 
comparable with that obtained from plasmid pR2h-11 . The CAT gene product is not apparent, presumably due to the 
low-copy-number nature of this plasmid, CAT protein is not expressed at high levels in pPDR2h-11 . 



10 EXAMPLE 4 : 

IN V/TRQ ASSAYS jo MEASURE PEPTIDE ANALOGUE ACTIVITY 



15 



20 



25 



Agarose Dilution Assay 

[Oil 71 The agarose dilution assay measures antimicrobial activity of peptides and peptide analogues, which is ex- 
pressed as the minimum inhibitory concentration (MIC) of the peptides. . . _ 

[0118] Jn order to mimic In v/Vo conditions, calcium and magnesium supplemented Mueller Hinton broth Is used in 
combination with a low EEO agarose as the bacterial growth medium. The more commonly used agar is replaced with 
agarose? as^the charged groups in agar prevent peptide diffusion through the media. The media is autoclaved and then 
cooled to 50 - SS** G in a water bath before aseptic addition of antimicrobial solutions. The same volume of different 
concentrations of peptide solution are added to the cooled molten agarose that is then poured to a depth of 3 - 4 mm. 
[01191 The bacterial inoculum is adjusted to a 0.5 McFarland turtDidity standard (PML Microbiological) and then diluted 
1 :10 before application on to the agarose plate. The final inoculum applied to the agarose is approximately 10^ CPU 
in a 5 - 8 mm diameter spot. The agarose plates are incubated at 35 - 37"C for 1 6 to 20 hours. 
(01201 The MIC is recorded as the lowest concentration of peptide that completely inhibits growth of the organism 
as determined by visual inspection. Representative MICs for various indolicidin analogues are shown in the Table 5 
belbw.^ 



30 




Table 5 






1.MBI10 




Organism 


Organism # 


MIC (^gMil) 




A. calcdace^cus 


ACOOi 


128 


35 


El coll 


ECO002 


128 




E^faecalis 


EFS004 


8 




/C pneumoniae 


KP001 


128 


40 


R aenjglnosa 


PA003 


>128 




S, aureus 


SA007 


2 




S, maitophilia 


SMA001 


128 




S: marcescens 


SMsqqs 


>12& 


45 


2.MBI10A 




Organism 


Organism # 


IMIC (^g/ml) 




E, faecalis 


EFS004 


16 


50 


E. faedum 


EFM003 


8 




S. aureus 


SA010 


8 




3. MBI 10CN 


55 


Organism 


Organism # 


MIC (^g/ml) 


A, calcoaceticus 


ACOOI 


64 




E. cloacae 


ECL007 


>128 
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Table 5 (continued) 





3. MBI10CN 




Organism 


Organism # 


MIC (tig/mi) 


5 


E co/i 


ECO001 


32 




E. coli 


SBEC02 


16 




E. faecalis 


EFS004 


8 


10 


E. faectum 


EFM003 . 


2 




K, pneumoniae . 


KP002 


.64 




P. aeruginosa 


PA002 


>128 


15 


S. aureus 


SA003 




S, epidermidis 


SE010 


4. 




S. maltophitia 


SMA002 


64 




S. marcescens 


SMS004 


>128 


20 


4. MBI11 . 




Organism 


Organism # 


MIC (ixgAnI) 




A caicoaceticus 


AC002 




25 


E. cloacae 


ECL007 


>128 


E.. coli 


ECdb02 


64 




E. iaecium 


- :EFM0d3 


4 




E. faecalis 


,.EFSQ02 


V 64 


30 


K. pneumoniae 


KP0G1 


128 




R aeruginosa 


.PAd04 


>i28 




S, aureus 


, SA0d4 


4 


35 


S, maltopHilia 


SMA002 


,128 


S, rnarcescens 


:s;Msod4 


=>128 




S.MBIIIA } ; , 




Organism 


Organism # 


IMIC (iig/mi) 


40 


A, caicoaceticus 


, AC001 


>64 




JE. cloacae 


ECLpOZ 


\. >64 




E, coli T , 


EGOdOS 


>64 


45 


E. faecalis 


EFS004 . 


32 




K. pneumoniae . 


KPdpl 


. 64 




P. aeruginosa 


PA024. 


>64 




S. aureus 


SA002 


4 


50 


S. mattophilia 


SMA002 


>64 




S. marcescens 


SMS003 


>64 




6. l\ABi11ACN 


55 


Organism 


Organism # 


MIC (^g/ml) 




A. caicoaceticus 


/ AC002 


2 




E. cloacae 


ECL007 


>128 
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Tables (continued) 



- 


6. MBI11ACN 




Organism 


Organism # 


Mii> yxg/rni/ 


5 


E. CO// 




ID. 




E, faecatis 


broUU4 


R 

o ■ 




E,faeca!is 


troOUo 


fid. 


10 


K, pneumoniae 


KP001 


16 




R aeruginosa 


PA0p4 


>128 




S, aureus 


SA014 


8 




S, epidermidis 


SE010 


4 


15 


S, maltophiUa 


SMA002 


64 




S. marcescens 


SMS003 


>128 




7.MBI11CN 


20 


Organism 


Organism # 


MICf GigAni) 




A, calcbaceticus 


ACOOI 


128 




E. cloacae 


ECL007 


>64 




E. coli 


ECO002 


8 


25 


E faeciurh 


EFM001 


8 




E. faecatis 


EFS001 


32 




H, influenzae 


HIN001 


>128 


30 


K, pneumoniae 


KP002 


128 




R aeruginosa 


PA003 


>128 




R mirabjli^ 


PM002 


=i^12i3 




S. aureus. 


SA003 


2 ■ 


35 


S, marcescens 


SBSM 1 V 


>128 




S, pneurnoniae 


SBSPN2 


>128 




S, epiUkrmidis 


SE001 


2 


40 


S. maltophitia 


SMAdOi 


64 




S. marcescens 


SMSp03 


>128 




S. pyogen es 


SPYoqa 


8 


45 


8. MBI11CNR 


Organism 


Organism # 


MIC (^g/ml) 




A. calcoaceticus 


Acqo2 


4 




E. ctoacae 


ECL007 


>128 


50 


E. coli 


ECO005 


8 




E. faecalis 


EFS001 






K. pneumoniae 


KP001 


4 


55 


R aeruginosa 


PA004 


32 


S. aureus 


SA093 


4 




S. epidermidis 


SE010 


4 
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. Table 5 (continued) 





8. MBI 11CNR 




Organism ^ 


Organism # 


MIG (fxg>mi) 


5 


S. mattophitia 


- SMA002 


32 




S, marcescens 


. SMS003 


128 




9.MBi11CNW1 


10 


Organism 


Organism.# 


MiC (ngAnl) 




A: calcoacetieus 


, AC002 


■ -■ •■ ' 8 " , 




E. cloacae 


: ECL007 


64 


15 


E. coli 


ECO005 


32 


E.faecalis 


. EFS001 


&^ 




K. pneumoniae 


KP001 : 


J / . 32 




p. aeruginosa ; 


pa6o4 


64 


20 


Si: aureus ^ ; 


IJSAOlb 






S. mattophiiia 


; ; sma6o2 


v:.. 32 : 




S. marcescens 


: SMS003 


>128 


25 


ip.MBIIICNXI 


Organism 


Organism # 


lyiiCOigMil) 




A calcoacetieus 


AC601 


^. >64 ■ 




E. cloacae 


ECLOOZ 




30 


E. coli 


EC0OO5 


M 




E, faecalis 


;EFS004 






K. pneurhoniae 


KPOOI 


;>64 


. .. . , 

35 f 


. R aeruginosa 


PA0i24 ^ 


>64 ; 


S, aureus 


SA006 . 






S. mattophiiia 


; SMAO62 


,,..>64■ 




S. marcescens 


SMS003 . 


. >64: 


40 


11. MBI 11CNY1 c ; . 




Organism 


Organisni.# 


MiC(iigAiil) 




calcoacetieus 


ACdOl 


; >64 


45 


E, cloacae 


ECL607 


?>64 




E.coU 


ECO065 


. >64 




E. faecalis 


EFS004 


: >64 




K. pneumoniae 


KP001 


, >64 


50 


R aeruginosa 


PA004 


>64 




S. aureus 


SA006 


16 




S, epidermidis 


SE010 


128 


55 


S. mattophiiia 


SMA002 


>64 




S. marcescens 


SMS003 


>64 
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Table 5 (continued) 



12. MBI11M4 


Organism 


Organism # 


MIC(^g/ml) 


E. fBBcium 


EFM001 


32 


E. faecalis 


EFS001 


32 


S, aureus 


SA008 


8 


13. MBI 11M8 


Organism 


Organism # 


MIC (^g/ml) 


E. faecalis 


EFS002 


32 


E. faectum 


EFM002 


32 


S, aureus 


SA008 


- 32 


14. MBI11A1CN 


Organism 


Organism # 


MIC (^g/ml) 


A. catcoaceticus 


AC002 


16 


E. cloacae 


ECL007 


>128 


E. coli 


ECO002 


32 


E. faectum 


EFMd02 




E) faecalis 


. EFS002 


32 


H. influenzae 


HIN0G2 


>128 


K: pneurhoniae 


^ KP002 


>128 


P. aeruginosa 


PA004 


>128 


S. aureus 


SA005 


8 


R vulgaris 


SBPV1 


>128 


S. marcescens 


SBSM2 


>128 


S. pneumoniae 


SBSPN2 


>128 


S, epidermidis 


SE002 


16 


S, maltophilia 


SMA002 


>128 


15.MBi11A2CN 


A calcoaceticus 


AC001 


>128 


E. cloacae 


ECL007 


>128 


E, coli 


ECO003 


>12& 


E, faecium 


EFM003 


16 


E. faecalis 


EFS002 


>128 


K. pneumoniae 


KP002 


>128 


P. aeruginosa 


PA004 


>128 


S. aureus 


SA004 


8 


S, maltophilia 


SMA001 


>128 


S. marcescens 


SMS003 


>128 
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Table 5 (continued) 



16. MBI11A3CN 


Organism 


Organism # 


MIC (^gMii) 


A, caicoaceticus 


AC001 , 


■ >128^ 


E. cloacae , 


ECL007 


>128' 


E, coH 


. ECO002 


- >128 


E. faecium 


.EFM003 


" : 64 


E. faecalis 


EFS002 


>128 


H. influenzae 


HIN002- V 


. >i28 


K: pneumoniae 


KP001 


>12B 


P. aeruginosa 


PAoba 


>128 


S. aureus 


SA004 


32 


R vulgaris 


! SBPV1 


- >128 


S. marcescens 


SBSM2 / 


>128 


S. pneumoniae 


SBSPN3 , 


^ >128 


S. epidermidis 


SE002 , 


. 128 


S. mallophilia 


SMA001 


>i28 


17.MBI11A4CN 


Organism 


Organism # 


MiC (^g/ml) 


A, caicoaceticus 


AC002 


- 8 


E. cloacae 


ECL007 




E. coli 


, ECObOS 


^^---,./32 . 


E, faecalis 


EFS002 - 


. :;64 ' 


E. faecium 


EFM001 


32 


K. pneurnoniae 


, KP001 


V >128: 


R aeruginosa 


PA004 


>128 


S, aureus 


. . . SAOOS 


2 


S. epidermidis 


' SEdb2 \ / 


;; 8; ^ ' 


.S. maltophilia 


SMAd02 


\ >128; 


S. marcescens 


SMSb04 


>123: 


18. MBI11A5CN ' 


A. caicoaceticus 


; Acodi 


>128: 


E, cloacae 


ECL007 


>128 


E, coli 


ECO003 


128 ' ■ 


E. faecium 


EFM003 


" ".. 4 


E. faecalis 


EFS002 


. 32 


K. pneumoniae 


KP001 


;>i28 


R aeruginosa 


PA003 


>128 


S. aureus 


SA002 


16 


S. maltophilia 


SMA002 


>128 
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Table 5 (continued) 





18. MBI11A5CN 




S. marcescens 


SMS003 


>128 


5 


19. MBI11A6CN 




Organism 


Organism # 


MIC (^g/mi) 




E. faecium 


EFM003 


2 


10 


E. faecaifs 


EFS004 


64 




S, aureus 


SA016 


2 




20. MBi11A7GN 




Organism 


organism # 


MIC /im/mi^ 


15 


E. faecium 


brMUUo 






E, faecalis 


broUU^ 


1 o 




S. aureus 


oAUUy 




20 


21. MBi 11A8CN 


- ■ 






Organism 


Organtsrh # 


Miw |p.g/mi/ 




A. calcoaceticus 




. o 




E, cloacae 


ECL007 


-^H Oft 


25 


coii 




■ '■ ■ ■QO 




E. faecalis 


EroOOl 


4 




K. pneumoniae 


KP001 


1 


30 


R aeruginosa 


DA onyl 






S, aureus 


oAOyo 


1 




S. epidermidis 




1 D . 


35 


S. mattopnma 


oMAUUii 






SMS003 


>12B 




22. MBI11B1CN 








Organism 


Organism # 


iMiC big/ml) 


40 


A: calcoaceticus 


AC001 


32 




E. cloacae 


' ECL007 


>128 




Ecoli ; 


ECO003 


8 


45 


E. faecium 


EFM002 


2 


E. faecalis 


EFS004 


8; 




K. pneumoniae 


KP002 


64 




R aeruginosa 


PA005 


>128 


50 


S, aureus 


SA005 


2 




epidermidis 


SE001 


2 




S. maltophilia 


SMA001 


64 


55 


S. marcescens 


SMS004 


>128 
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Table 5 (continued) 





23. MBil1B1CNW1 




Organism 


Organism # 


MIC (^g/ml) 


5 


A. calcoaceticus 


Ae002 


16 




E, cloacae 


ECL007 


,64 




E. coli 


ECO005 


32 


10 


E. faecalis 


: EFS004 


8 




K. pneumoniae 


; kPOOl 


32 




R aemginosa 


. PAdb4 


64 


15 


S. aureus 


SA014 


16 


S. ep idermidls 


SE010 






S. jpakophilia 


SMA002 


. ■ - ^ , .32.; 




S, marcescens 


SMS003 


>128 


20 


24.MBI11B2CN 








Organism 


Organism #^ 


MIC (^gMil) 




A, calcoaceticus 


AC001 


I 


25 


. E. cloacae . . 


EGL007 


>128 


E: coll 


, ECO0P3 


.16 




E. faecium 


EFMObl 


8 




E. faecalis . 


EFSG04 


8 ; 


30 


K. pneumoniae 


KP002 


64 




R aeruginosa 


PA003 ; 


. >i28 




S. aureus 


SAOGS : 


V.., ■■■■ 2 : 


35 


S. maltophilta 


;:SMA602 


64 


S. marcescens ; 


SMS004 


>128 




25. MBMiB3CiM 




Organism 


Organism # 


MIC (KigMil) 


40 


A, calcoaceticus 


AC001 


64 




E. cloacae . 


;ECL007 


>128 




E,coU 


.ECO002 


16 


45 ; 


E. faecium 


EFM001 


8 




E. faecalis 


EFS001 


16 




K. pneumoniae 


KP002 


64 




R aeruginosa 


PA003 


>128 


50 


S. aureus 


SA010 


4 ■ 




S, maltophilta 


SMA002 


32 




S. marcescens 


SMS004 


>128 


55 


26. IVIBi11B4CN 




Organism 


Organism # 


MIC ((ig/ml) 




A. calcoaceticus 


AC001 


>128 
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Table 5 (continued) 





26.MBI11B4CN 






Orctanisin # 


MIC fiia/mh 


5 




EGL007 


>128 






ECO003 


16 







EFS002 


16 


10 


#7. If IHlit^r t^at^ 


HIN002 


>128 






KP002 


128 




ti ttefUytfliJ^cl 


PA006 


>128 




S, aureus 


SA004 


2 


15 


S. marcescens 


SBSM2 


>128i 




S, pneumoniae 


SBSPN3 


128 




S, epidermidis 


SE010 


4 


^0 


S, maitophWa 


SMAO62 


64 




S. mhrcesc^ns 


SMS004 


>128 




27. MBi11B4ACN 




Organism 


Organism # 


IMIG (ngAnl) 


25 


A calcoaceUcus 


AC0p2 


-.v.- 4 ■. 


- 


E, cloacae 


ECL007 


>128 




£1 co/i 


ECO005 


32 


30 


E. faecalis 


EFS008 


64 




k. pneumoniae 


KP001 


32 




R aemginosa 


PA004 


>1 28 


35 


S. aureus 


SA008 


1 


S, epidermidis 


SE010 


8 




S. maltophilia 


SMA662 


64 




'S, marcescens 


SMS003 


>128 


40 


28. MBI11B5CN 




Organism 


Organism # 


MIC (^gAni) 


[ 


E. faecium 


EFMp02 


1 


45 


E. faecalis 


EFS002 


16 


S, aureus 


SA005 


2 




29. MBI 11B7 




Organism 


Organism # 


MICUigAnl) 


50 


A. calcoaceticus 


AC002 


"... ^ 




E: cloacae 


ECL007 


>128 




E. coli 


EC0005 


16 


55 


E, faecalis 


EFS008 ' 


^ 8 


K. pneumoniae 


KP001 


16 




R aeruginosa 


PA004 


>128 
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TabI 5 (continued) 





29. MBI11B7 




, . Organism 


. Organism # 


MJC (^g/ml) 


5 


S. aureus 


SA093 


1 . 




S, epidermidis 


: SE010 


4 




S. mattophiiia 


SMA002 


64 


10 


marcescens 


.SMS003. 


. >128 




Sp/MBI 11B7CN 




Organism 


. Organism # 


MIC (M^g/rhl) 


15 


A: calcoacetfcus 


ACO63 


. ;.32 ' 


E, cloacae 


ECL009 


32 




E. coif 


ECO002. 


8 




E. faecium 


EFMOpI 




20 


■ E. faecalis 


; EFS0b4 : 


. 4 




H. influenzae 


' HINOdZ 


>128 




K. pneumoniae 


KP001 


32 


25 


Raeniginosa 


PAOO4 


128 ■ 


R.mirabitis 


. :PM002 


>128 ' 




aureus 


. SA009 


2 : : 




S. marcescens. 


SBSM1 


>t28 


30 


S. pneumoniae 


SBSPN3 


>128 




St, epidermidis 


SE003 


2 . ': 




S. maltophilia 


SMA004 




35 


pyogenes 


.SPY006 


16 


31. MBi 11B7CNR; 




Organ fsm 


Organism # 


MICOigAnl) 




A. calcoaceticus 


AC002 




40 


E. cloacae 


ECLOOr 


64; 




E/coti 


ECO005 






E, faecalis 


EFS001 


4 


45 


K. pneumoniae 


KP001 


. -8 




P. aetugihosa 


PA004 


64 




S. aureus 


SA093 


2 




S, epidermidis 


SEOiO 


4 


50 


S. maltophilia 


SMA002 


32 




S, marcescens 


SMS003 


>128 




32. MBI11B8CN 


55 


Organism 


Organism # 


MIC (^gAnl) 




A. calcoaceticus 


AGOOI 


>128 




E. cloacae 


ECL007 


>128 
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Table 5 (continued) 





32. MBI11B8CN ; 




Organism 


t — jiL . 

Organism # 


MiLr (|ig/mi^ 


5 


E. coli 


ECO002 


1 o 




E, faecium 


EFM001 


1 o 




Eifaecalis 


EFS002 




10 


K. pneumoniae 


KPOGI 


>128 




R aenjgtnosa 


PA005 


>128 




S, aureus 


SA009 






S,epidermidis 


SE002 


• 4 : . 


15 


S. nriattophfiia 


SMA002 


128 




S, marcescens 


SMS003 


>128 




33.MBI11B9CN 


20 


Organism 


Organism # 


MIC(^g/hil) 




A. calcoaceticus 


AC002 


4 




E. cloacae 


ECL007 


>128 




E. coif 


EC0005 


- 8 


25 


E. faecium 


' efm6o2 


\ 4 




E. faecafis 


EFS002 


8 




H. influenzae 


HIN002 


>128 


30 


K. pneumoniae 


KP001 


32 




R aentginosa 


PAO04 


128 




R mirabilis 


PM002 


>128 


35 


S. aureus 


SA010 


;■; ■ -/;4"" 


S, pneumoniae 


SBSPN2 ; 


>128 




S. epiiddrrnidis 


SE010 


■ 2 ■ 




S, maftophitia 


SMA062 


32 


40 


S. marcescens 


SMS003 


>128 




S, pneurnoniae 


SPNd44 


>128 




S. pyogenes 


SPY005 


16 


45 


34. MBI11B9ACN 


Organism 


Organism # 


MIC Oig/mi) 




A, calcoaceticus 


AC001 


32 




E, cloacae 


ECL007 


>128 


50 


E. coli , 


EC0003 


8 




E, faecium 


EFM001 


4 




E. faecalis 


EFS004 


8 




k. pneumoniae 


KP002 


32 


55 


R aeruginosa 


PA005 


>128 




S, aureus 


SA019 


2 



30 
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Table 5 (continued) 





34. MBI11B9ACN 




Organisnri: / 


: Organism # 


Miefcig/mi) 


5 


S. epidermidis 


SE002 


/V: 2^ 




S, mattophtlia 


. . .SMA001 






> S. marcescens : 


, SMS004. 


• - ;>128 


10 


35. MB1 1 1 81 OCN 




Organism 


.Organ ism :# 


MlCftig/hir) 




E: faecium ? 


EFMOOa 




15 


E. faecalis 


EFS002 . 




S. aureus 


SA008 






36.MBI11B16CN Ui O 




Organism 


) Organism # 


MIC (^gMil) 


20 


calcoaceticus- 


: AC002 






E, cloacae 


. ; ECllob/ 


>i28 




E. coli 


. "/ECObOS 




25 


E, faecalis 


: EFS001 




K. pneumoniae : 


KPoor . 


is'" 




R aenjginosa 


- PA0&4 . 


>128 




S, aureus 


SAQ93 




30 


S. epidermidis 


SE010 


4. . 




S. maltophilla 


SMA002^ 


32 




S, marscescens 


^ ; SMS0p3 


>128: 


35 


37.IMBI11B17CN - 7:^^ I 


Organism 


Organisnri # 


; MIG Oig/ml) 




A calcoaceticus 


) ,,Acoo2 ; 


,.; 2 




E. cloacae 


oECLd07 


>128 


40 


E. coli 


^ ECP005 " 


8 




E. faecalis 


; EFS008 


4, 




K. pneumoniae . 


. KP001 


16 


45 


R aeruginosa 


- PA0:04 


>128 




S. aureus 


; SAb93 


2 • 




S. epidermidis . 


SE010 


4 




S. maltophilia 


.SMA002 


32 


50 


S. marcescens 


;SMS003 


>128 




38. MBI 11B18CN 




Organism 


Organism # 


ItfllC (figAni) 


55 


A, calcoaceticus 


AC002 


2 




E. cloacae 


ECL007 


>128 




E. coll 


ECO005 


32 



31 
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Table 5 (continued) 





38. MBI11B18CN 




Organism 


' wrganisrn # 


MIC fiia/ml) 


5 


EL laecalis 




4 




K. pneumoniae 


1<P001 


32 




R a^mginosa 


PA004 


>128 


10 


S. aureus 


SA093 


2 




S, epidermidis 


SE010 


4 




S. maftophUia 


SMA002 


64 




S. marcescens 


SMS003 


>128 


15 


39. MBI11C3CN 




Organism 


Organism # 


Miw (p.g/mi7 




cal<k>ac6^cus 


\ AC002 


A 


20 


E. cloacae 


EGL007 


- > 1 d.\> 




E. coli 


ECO002 


lo 




E. faecium 


Erivl002 


1 




E. faecalis 


EFS002 




25 


AC pneumoniae 


KP001 






P. aeruginosa 


PA005 






S, aureus 


SA005 




30 


S. epidermidis 


SE002 






S. mattophilia 


SMA002 


64 




S. marcescens 


SMS004 


>12S 




40. MBI11C4CN 






35 


Organism' 


Organisrh# 


MIC (^g/ml) 




A. catcoaceticus 


ACd02 


4 




E, cloacae 


ECL007 


>128 


40 


E. coli 


ECO005 


32 




E, faecium 


EFM003 


2 




Ei faecalis 


EFS002 


32 


45 


K. pneumoniae 


KP001 


>128 


R aeruginosa 


PA005 


>128 




S. aureus 


SA009 


4 




S. epidermidis 


SE002 


4 


50 


S, maftophilia 


SMA002 


64 




S, marcescens 


SMS004 


>128 




41. MBI11C5CN 


55 


Organism 


Organisrh # 


MIC (^g/mi) 


A. calcoaceticus 


AC001 


32 




E. cloacae 


ECL007 


>128 



32 
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Table 5 (continued) 





41.MBI11C5CN 




Organism, 


Organism # 


MIC(^g/ml) 


5 


E. coli 


; ECO001 


8 




E. faecium 


= EFM003 


, 2 




E. faecaiis 


EFS002 




10 


K, pneumoniae 


KP002 


.. 16 ' 




R aeruginosa 


^ PA003 


.64 




S. aureus 


vSA009 


. 2 " 


15 


S. epidermidis 


; - SE002 


- 2- -• . 


S. mattophilia 


SMA002 , 


; -16 




S, marcescens . 


SMS004, . 


>128 




42. MBI 11D1CN 






20 


.Organism^ 


Organism # . 


MIC (KigAnl) 




A. calcoaceticus 


AC001 


>128 




E. cloacae 


ECL007 


>128 


25 


E. coli 


ECO002 


J 16' 


E. faecium 


EFM001 


16 




E. faecaiis 


. EFS002 


32 




AC pneurrtoniae 


- . KP002 


'-v/./' 64^ ■ 


30 


R aeruginosa 


,PA003 


>128^ 




S. aureus 


SA004 


2 




S. epidermidis 


-vSEOlO 


8 


35 


S. maitophilia^ 


^ SMA001 


64 i 


S. marcescens 


SMSp03 . 


^>128 




43. MBI11D3CN 




Organism 


Organism # 


MIC(^g/ml) 


40 


A. calcoaceticus 


AC001 


V >'*28 




E. cloacae 


ECL007 


>128 




E. coli 


ECO002 


64 


45 


E. faecium 


EFM003 


8 




E,. faecaiis 


EFS002 


32 




K. pneumoniae 


KPb02 


>128 




R aeruginosa 


PA024 


>128 


50 


S, aureus 


SA009 


8 




S. maltophilia 


. SMA001 


64 




S. marcescens 


SMS004 


>128 


55 


44. MBI11D4CN 




Organism 


Organism # 


MIC (tig/ml) 




A calcoaceticus 


AC001 


>64 



33 
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44.MBt11D4CN 




Oryanlsnri 


virganism w 




5 


E. cloacse 




>64 




E, coli 




64 




E. faeciuiTi 


PPM nn^ 


1 


10 


E, faecaiis 


EFS002 


16 




K, pneumoniae 


KP002 


>64 




R aenjginosa 


PA004 


>64 




S, aureus 


SA009 


4 


15 


S. maftophilia 


SMA001 


>64 




S. marcescens 


SMS004 


>64 




45.MBI11D5CN 


20 


Organism 


Organism # 


MIC (\igfm\) 




A, cafcoaceticus 


AC001 


>64 




E. cloacae 


ECL007 


>64 




E, coli 


ECO003 


64 


25 


E. faecium 


EFM003 


1 




E. faecaiis 


EFS002 


16 




k, pneumoniae 


KP001 


>64 


30 


P. aentginosa 


PA003 


>64 




S. aureus 


SA005 


8 




S, maltophilia 


SMA001 


64 




S. marcescens 


SMS004 


>64 


35 


46. MBI11D6CN 




Organism 


Organism # 


MIC bigAnl) 




A. cafcoaceiicus 


AC002 


4 


40 


E. cloacae 


ECL007 


>32 




E. coli 


EC0002 


32 




E. faecium 


EFM003 


1 


45 


E. faecaiis 


EFS002 


- 4 


k. pneumoniae 


KP002 


>64 




R aeruginosa 


PA024 


>64 




S. aureus 


SA009 


8 


50 


S. epidermidis 


SE010 


4 




S. maltophilia 


SMA001 


>64 




S. marcescens 


SMS004 


>64 


55 


47. MBI11D9M8 


Organism 


Organism # 


MIC bigAnl) 




E. faecium 


EFM002 


32 



34 
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47. MBI11D9M8 


. Organism 


Organism # 


MIC (^ig/ml) 


S. aureus 


SA007 


32^ 


E, faecalis 


EFS002 




S. aureus 


>. SAOiS 




AS, MBI 1 1 D1 OliflS - : 


Organism. 


Organism # 


MIC (^g/ml) 


E. faecium 


, EFM003 


32 


E. faecalis 


EFS002 


32 


S. aureus 


SA008 


, .... 32 


49. IVIB1 11 Di 1 H ■ ; , : 


. Wi^aniSITI;^ 


. wrganisni'V .. 

■■' ► ' j 


MlOVim/rnn 














E. coli 






K. pneumoniae 


KPOOl: 


\- v^^>64^:- 


- R aeruginosa 




->64 


S, aureus r 


SAOO'S ; . ^ 


; ■ . .-4 ■ ■ 


S. mattophllia 7 


J SMA662 


; >64 


S. marcescens r 


SMS004 


. ^64 


50. MBM1D12H 






brganisni 


Organism # 


MIC (^gAinl) 


:A.rcafcoaceticus, 


Acobi 




E, cloacae 


ECL007 : 


. >S4 ' 


E.coii 


ECO003 


64 


E. faecalis 


,EFS004 


V 


K. pneumoniae 


. : kpoo2 


>64 


R aeruginosa ^ 


VPAOM 


. : 


S, aureus 


SA014 


.16 


S. maltophilia 


SMA002 , 


>64 


S. marcescens 


SMS004 


; >64 


51.MBI11D13H 


Organism 


Orgahism # 


MIC (^gM1t) 


A. calcoaceticus 


AC001 . 


64 


E. cloacae 


ECL007 


>64 


E: coli 


ECO002 


32 


E. faecalis 


EFS004 


. 16 


K. pneumoniae 


l<P002 


>64 


R aeruginosa 


PA004 


>64 



35 
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Table 5 (continued) 





51.MBI11D13H 1 




Organism 


Organism # 


MIC(M.g/ml) | 


5 


S. aureus 


SA025 


4 




S, maitophflia 


SMA002 


>64 




S: marcescens 


SMS004 


>64 


10 


52. MBI11D14CN | 




■Organism 


Orgianism # 


MIC(^gAnl) 1 


- 


Eifaeaum 


EFM003 


1 j 




E. faecalis 




32 I 


15 


S. aureusi 


SA009 


4 




53. MBI11D15CN | 




- Organism 


'Organism # 


IkAIC (^gyhil) 1 


20 


E. faecium 


EFM003 


A 




E. faecalis 


EFSb02 


32 




S: aureus 


SA009 


8 


■ . 


54.MBi11D18CN 


1 


25 


^ Organism 


brganismt # 


MICOigiTml) 1 




A, calcoaceticus 


AC003 


32 1 




El cloacae 


' ECL009 


64^ "1 


30 


E.coli 


ECO002 


4 J 




E. faecium 


EFM003 


■• 2 1 




faecMs J'^ 


EFS002 


32 j 




H, influerizae ' 


^ ;HIN6b2 


>128 J 


35 


K. pneumoniae 


KP002 


' - 64 j 




P. aeruginosa 


PAOPS 


>i28 j 




f^.mirabilis 


PM003 


>128 1 


40 


aureus 


SA010 


^ 1 




Rvulgan's 




32 1 




S. marcescens 


SBSM2 


>128 1 


45 


S: pneumoniae 


SBSPN3 


64 1 


S. epiderrnidis 


SE010 


2 1 




S. maltophilia 


SMA003 






S. pyogenes 


SPY003 


32 1 


50 


55. MBI11E1CN 1 




Organism 


Organism # 


MIC(^g/mi) 1 




A calcoaceticus 


AC001 


32 1 


55 


E. cloacae 


ECL007 


>128 1 


E. coli 


ECO003 


8 




E. faecium 


EFM001 


8 1 



36 
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55. MBI11E1CN 




Or^snism 


Organism # 


MIC Oig/ml) 


5 


E. faecafis 


; EFS602 


a 




K. pneumoniae 


; KPd02 


32 




R aeniginosa 


: PAobs 


.v" 128 ; 


in 

1U 


S, aureus 


■SAooe 


V ■ 




S. mattophilia 


SMA001 , 


: 64 




S, marcescens 


/ SMS003 


„=?128 


is 


56. MBI11E2CN 


Organism 


Organism # 


MiC(^g/ml) 




A. calcoaceticus 


, AC0b2 






E. cloacae 


ecLqo7 


v; >128 


20 


,E cpfij/ 


; Ecodoa ; _ 


8" ■ 




E. faecium 


EFMOpI : 


16 




E.faecalis ^ 


EFSoba 


32 


25 


AC pneumoniae . 


o<p6b2 


64 


R aentginosa - , 


V PA001 7. 


>128' 




rS- aureus 


; SA016 ^ . 


: ■ 2, 




epidermidis ^ 


; SEbib 




30 


S. mattophilia 


SMA001 


64 




S. rharcescens \ 


/ SMS004 


>128 


- - 


57. MBM1E3CN : 


35 


Organ ism, , 


Organism 


MIQbfg/ml) 


A, caicoaceticus 


AC001 


- 16 ; 




^ E. cloacae 


ECLbbZ 


?>"128; 




E, coli " \ 


ECOOpI 


, . A ■ 


40 


p E. faecium 


.EFMboa 






EfaecaUs 


EFS0d4 






K influenzae 


HIN0b2 


- >128 


45 


Ki pneumoniae 


: KPbb2 


. 32 




R aeruginosa 


.PAb41 


64 




R m irabilis 


^ PM001 


>128 




S. aureus 


SA010 


2 


50 


S. pneumoniae 


, SBSPN2 


>128 




S, epidermidis 


^ SEd02 


1 




S, mattophilia 


SMA001 


32 


55 


S. marcescens 


SMS004 


>128 




S. pneumoniae 


SPN044 


>128 




S, pyogenes 


SPYd02 


16 



37 
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58. WIBI11F1CN 




Organism 


Organism # 


IvliC (|xg/ml) 


5 


E. cloacae 


ECL007 


>i2o 




E. CO ft 


ECO003 


O' ■ 

o 




E. faecium 


EFM003 


o ■ 
2 


10 


E. faecatis 


EFS004 


lO 




K. pneumoniae 


KP002 






R aenjginosa 


PA004 


64 




S. aureus 


SA009 


2 


15 


S. marcescens 


SBSM1 


>128 




S, marcescens 


SMS003 


>12B 




59. MBI11F2CN 






20 


Organism 


Organism # 


MIC (^g/mi) 




A. calcoaceticus 


AC002 


4 




E. cofi 


ECO002 


■ 8- 




E. faecium 


^ EFM0d2 




25 


E. faecatis 


EFS002 


32 




K. pneumoniae 


KPO(^ 


128 




R aeruginosa 


PA005 


>128 


30 


S: aureus 


SA012 


4 




S. epfdermidis 


SE002 


4 




S. maltophifia 


SMA002 


64 


35 


S. msiivescehs" 


SMS004 


>128 


60. iVIBi11F3CN 




Organism 


Organism # 


MiC (ixgAni) 




A. caicoaceticus 


AC002 


4 


^0 


E, cloacae 


ECL007 


>128 




E. coli 


ECO002 


8 




E. faecium 


EFM003 


■- . 4- 


45 


E. faecalis 


EFS002 




H: influenzae 


HIN002 


>128 




K. pneumoniae 


KP002 


64 




R aeruginosa 


PA041 


128 




S. aureus 


SA005 


■■ ^ ' 




S. pneumoniae 


SBSPN3 


>128 




S. epidermidis 


SE003 


2 


55 


S. maltophilia 


SMA002 


64 




S. marcescens 


SMS004 


>128 




S. pneumoniae 


SPN044 


>128^ 



38 
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Table 5 (continued) 





60. MBI11F3CN 




O rigan ism 


Organism 


MiC (jxg/ml) 


5 


S, pyogenes 


SPY006 


8-.. 




;61.MBI11F4CN 




Organism 


Organism#^ 


, MIC (^gAnl) 


10 


A. caicpaceticus 


AC003 ;^ 


; 16 




E. cloacae 


EcLooe 






E. coit 


ECO001 


8 


15 


E faecaits 


EFS0d4 




H, influenzae 


HIN003 


>128 




K. pneumoniae . 


, ,KP001 


8 ■ 




P, aemgindsa 


PA020 


32 


20 


S. aureus 


SA007 






S. marcescens 


, SBSM1 


,>128 




S, pneumoniae 


,SBSPN3: 


>128 


25 


S. epidermidis 


SEoio 




S. m altophilia ^ 


.SMAOOe 


16~ 




S, pyogenes 


SPY005 


,., ..32.. 




62. IMBiflF4CNR 




30 


Organism 


Organism # 


MlCOig/ml) 




A. catcoaceticus 


AC0d2 


16 




E. cloacae 


ECL007 


32^ 


35 


E, coil 


,^ ECO005 ; 


32 


E.jaecalis 


EFS068 






K, pneumoniae . 


>CP06l 


32 




R aenigihosa 


PA004 


64.-.: 


40 


S. aureus 


SA093 






S. epidermidis . ,' 


.SE010 : 


8 




S. maltophiiia 


SMA002 


. . -32, ' = 


45 


S- marcescens 


SVIS003 


>128 




63. IVIBI11G2CN 




Organism 


Organism # 


MICbigAnl) 


- 


E. cloacae 


ECL007 


>128 


50 


E.coli 


. ECO003 


"16 ; 




E. faecium 


EFM002 


4 




E. faecalis 


EFS004 


16 


55 


K. pneumoniae 


KP002 


128 




R aeruginosa 


PA004 


>128 




S. aureus 


SA009 


2 



39 
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Table 5 (continued) 





63. MBI11G2CN 




Organism 


Organism # 


MIC (iigfm\) 


5 


S. mattophilia 


SMA001 


>128 




S. marcescens 


SMS004 


>128 




64.MBri1G3CN 


10 


Organism 


Organism # 


MIC(^g/ml) 




E. cloacae 


ECL907 


>128 




Ecoli 


EGO003 


64 




E faecium 


EFM002 


32 


15 


E. faecalis 


EFS002 


64 




K, pneumoniae 


KP001 


>128 




R aentginosa 


PA003 


>128 


20 


S, aureus 


SA009 


8 




S, mattophilia 


SMA001 


>128 




S. marcescens 


SMS004 


>128 




65.MBI 11G4CN 


25 


Organism ' 


brganlsnri # 


MIC(figAnl) 




Acalcoaceticus 


AC062 


4 




E.ctoacae 


ECLOOZ 


>128 


30 


E.coti 


Eeooos 


32 




E, faecium 


EFM003 


1 




Efaecatis 


EFSp02 


32 




K. pneumoniae 


KP001 


>128 


35 


R aeruginosa 


PA004 


>128 




S. aureus 


SA004 


1 




S. epidermidis 


SE010 


2 


40 


S: maitophitia 


SMA002 


64 




S. marcescens 


SMS003 


>128 




66. MBI11G5CN „ ^ 


45 


Organism 


Organism # 


MIC (^g/ml) 


A. calcoacepcus 


ACp02 


4 




E. cloacae 


ECL007 


>128 




E. coti 


ECO003 


16 


50 


E. faecium 


EFM002 


8 




E. faecalis 


EFS002 


16 




K. pneumoniae 


KP001 


>128 




R aeruginosa 


PA003 


>128 


55 


S, aureus 


SA012 


4 




S. epidermidis 


SE002 


2 



40 
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66. MBI11G5CN 




- , Organism 


Organism # 


lyiic (^g/^i) 


5 


S. maftophifia 


, SMA002 


,,..64 




S. marcescens 


- SMS004 


>128: 




67. MBI 11G6CN . 


10 


Organism 


. Organism # 


MIC OigMil) 




A. calcoaceticus 


-AC001 


, ; ?^ i28 




E. cloacae 


.ECL607 , 


, >128 


15 


E.coti 


ECO002 . 


32 


E. faecium 


EFM003 


. ■■. ._;^4,, 




E, faecalis 


iEFS602 , 


128 




K, pneumoniae 


KPObi ; r ■ 


>128 


20 


R aemgihosa 


PAb04 


; >128 




S, aureus 


SA006 






S. epidermidis , - . 


SE002 


8 


25 


S. maitophifia : . 


SMAOOl 


>128 


S. marcescens 


SMSOOS 


>128 




68. MBI11G6ACrsI . . 




Organism 


Orgahisrn # 


Mrp(^gMil) 


30 


A calcoaceticus 


AC002 : 


■ 4- ■ 




E, cloacae 


ECL007 


. >128 




E, colt . 


} ' ECO005 


64 ; 


35 


E, faecalis 


EFSdoB 


. >128 


pneumoniae 


KPobi 


>128 




R aeruginosa 


PA004 


: /' >128 




S. aureus 


, SA014 




40 


S, ep idermidis 


SE010 


32 . 




S,. maltophilia . 


SMA0d2 


>128 




S. marcescens : 


SMS003 


>128 


45 


69.MBI1167CN 




Organism 


Organism # 


MIC (^gAnl) 




A. calcoaceticus 


AC001 


128 




E. cloacae 


ECLOpe 


64 


50 


E. colt 


ECO005 


8 




E, faecium 


EFM001 


8 




E. faecalis 


EFS002 


32 


55 


H. influenzae 


HIN002 


.>128 




K. pneumoniae 


KPObl 


16 




R aeruginosa 


PA006 


>128 



41 
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69. MBI11G7CN 




OrQsnism 


ijrganism « 


iviiv> |(xg/mi/ 


5 


S. aureus 




5> 




H influenz3e 




>128 




S. marcBSCBOs 


ODOIVII 


^ 1 


10 


S: pneumoniae 


SBSPN2 


>128 




S. epiderinidis 


SE002 


2 




S, maitophfl/a 


SMA001 


32 




S, marcescens 


SMS003 


>128 


15 


S, pneumoniae 


SPN044 


>128 




S. pyogenes 


SPY006 


16 




70. MBI11G7ACN 


20 


Organism 


Organism # 


MIC (pig/ml) 




A catcoaceticus 


AC002 


... ^ 




E. cloacae 


ECL007 


>32 




E.coU 


ECQ002 


16 


25 


Efaecium 


EFM001 


8 




E. faecalis 


EFSOda 


32 




K, pneumoniae 


KP002 


>32 


30 


R aemginosa 


PA006 


>32 




S. aureus 


SA010 


1 




Si epidermidis 


SE002 


4 


35 ^ 


S, manophilia 


SMAOOI 


32 


S.marceseens 


SMS004 


^ >32 




71. MBI11G13CN 




Organism 


Organism # 


MIG(fig/mi) 


40 




- ECO002 


32 




Efaecium 


EFM002 ' 


16 




E.faecaUs 


EFS002 


64 


45 


H. influenzae 


HIN002 


>128 


R aeruginosa 


PA004 ' 


>128 




5. aureus 


SA004 


4 




Ecoli 


SBEC03 


32 


SO 


S. marcescens 


SBS;M1 


>128 




S. pneumoniae 


SBSPN3 


128 




72. IWBi11G14CN 


55 


Organism 


Organism # 


MIC(^g/ml) 


A. calcoaceticus 


AC002 


8 




£ cloacae 


ECL007 


>128 
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Table 5 (continued) 



72. MBI11G14CN 


Organism 


Organism #. 


MIC(^g/ml) 


E. coli 


ECO003 


32 


E. faecium 


EFM001 


16 


E. faecalis 


EFS002 


32 


K. pneumoniae 


KP002 


128 


R aentginosa 


PA006 


>128= 


S. aureus 


SA0 13 


0.5 


S. epidermidis 


SE002 


8 


S. mattophit/a 


SMA002 


128 


S. marcescens. 


SMS004 


>128 


73. MBI 11G16CN 


Organism 


Organism # 


mc (^g/mi) 


A. cafcoadeticus 


AC002 


8 


E. ctoacae 


ECL007 


>128 


E. coli 


ECO005 


16 


E. faecalis 


EFS008 


16 


K. pneumoniae 


KP001 


16^ 


R aenjginosa 


PA004 


128 


S. aureus 


SA693 


■ 2 


S. epidermidis ^ 


SE010 


4 


S. maftophilia 


SMA002 


64 


S. marcescens 


SMS003 


>128 



' Broth Dilution Assay r 

[0121] This assay also uses calcium and magnesium supplemented Mueller Hinton broth as the growth medium. 
Typically 1 00 ^il of broth is dispensed into each well of a 96-well microtitre plate and 1 00 \i\ volumes of two-fold serial 
dilutions of the peptide analogue are made across the plate. One row of wells receives no peptide and is used as a 
growth control. Each well is inoculated With approximately 5 x 10^ CPU of bacteria and the platie is incubated at 35 - 
37*^C for 1 6-20 hours. The MIG is again recorded at the lowest concentration of peptide that conripletely inhibits growth 
bf the organism as deterniined by visual inspection. 

[01 22] For example, MIC values were established for a series of pj&ptide analogues against S. aureus strains. Results 
are shown in Table 6 below. 
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Table 6 











MIC 


(^g/mi) 






Organism 


Organism ^ 


MBl 
lOCN 


MBl 

ncN 


MBl 
IIAICN 


MBl 
11A2CN 


MBl 
IIBICN 


MBl 
11B2CN 


MBl 
11B7CN 


Gram-negative: 


















A, calcoaceticiis 
E. cloacae 
E. coU 

K. pneuTTtOTiiae 
P, aeruginosa 
S. maltophilia 
S. marcescens 


ACOOl 
ECL007 
ECO005 

rvjr WW 1 

PA004 
5MA002 
SMS003 


64 
256 

64 

64 
>256 

64 
>256 


256 
>256 

128 
>256 

256 

64 
>256 


>256 
>256 
>256 
>256 
>256 
>256 
>2S6 


>256 

>256 
>256 
>256 
>256 
>256 


64 

64 
>256 

64 

32 
>256 


128 

>256 

64 
>256 

256 

32 
>256 


64 

>256 
64 
256 
256 
32 

>256 


Gram-positive: 


















R faecalis 

S, aureus 

5. epidermidis 


EFS004 
SA002 
SE005 


64 
16 
8 


128 
64 
8 


>256 
>256 
16 


>256 
>256 
256 


64 
32 
4 


64 
32 
4 


64 
16 
4 



Time Kill Ass^ , . ' 

101231 Time kill curves are usedto determine the antimicrobial activity of cationic peptides overatime interval. Bri^ly 
n this assay, asuspension of microorganisms equivalentto aO.5 McFartand Standard is prepar^^^^ 
suspension is then diluted suchthat when added to a total volume of 9 mi of cation-adjusted 

inoculum size is 1 x 1 0^ CFUMil. An aliquot of 0.1 ml is removed from each tube at pre-detemnined intervals up to 24 
hours, diluted in0.9%saline and platedin triplicate to determine viablecolony counts. The numberofbactenar^^^ 

in each sample is plotted over time to detemiine the rate of cationic peptide killing. Generally a three or more logjo 
reduction in bacterial counts in the antimterobial suspension compared to the growth controls indicate an adequate 

?omr"S Thown^n Figure 3. all peptides demonstrated a three or more log,o reduction in bacterial counts in the 
antimterobial suspension compared to the growth controls indicating that these peptides have met the cntena for a 
bactericidal response. 

Synergy Assay 

101251 Treatmentwrth a combination of peptide analogues and conventional antibiotics cah have a synerg-^fe effe<rt^ 
Syneray is assayed using the agarose dilution technique, where an an-ay of plates, each containing a combinatoon of 
pStidTand antLtic in a unique concentration mix. is inoculated with the bacterial isolates. W ^nves^^^^^^^^ 
for peptide analogues in combination with a number of conventional antibiotics mcluding. but not limited to. penicillins, 
cephalosporins, carbapenems, monobactams. aminoglycosides, macrolides. fluoroquinolones 
[01261 Synergy is expressed as a Fractional Inhibitory Concentration (FIC). which is calculated ^«=°''*n9 «° 
equation below^n FIC of less than or equal to 0.5 is evidence of synergy, although combinations wrth higher values 
may be therapeutically useful. 

/U/C (peptide in combination) MIC (antit^otic in conibina^'on) 
'^'^ = M/C (peptide atone) MIC (antibiotic atone) 

[01 27] Table 7 shows exemplary synergy data for combinations of indolicldin analogues and Mupirocin. 
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Table 7 



5 


Peptide 


Organism 


Mupirocin 
MIC fiia/mh 


Mupir cin 
C mb MIC 
Oig/ml) 


Peptid MIC 

ill n/mll 


P ptideC mb. 

MIC /iin/mh 


FIC 




MBI 11A1CN 


E. coif EC01 


>100 


10 






n 1A 

U. 1 *+ 


10 


MBI 11A1CN 


E. faecalis 
EFS8 


100 


100 


>128 


>128 


2 


MBI 11A1CN 


R aeruginosa 
PA3 


>100 


>100 


>128 


>128 


2 


IS 


MBI 11A1CN 


S- aureus 
SBSA3 


100 


100 


>128 


>128 


2 


MBI 11A1CN 


S. aureus 
SBSA5 


30 


10 ' 


128 


32 


0.58 




MBI 11A1CN 


S.marcescens 
SRSM1 


>100 


>100 ^ 


>128 


>128 


2 


20 


MBI 11A3CN 


E. coli 


100 


30 


64 


8 


0.43 




MBI 11A3CN 


E. fa ecalis 

[_r OO 


. 100 


100 


>128 


, >128 


2 


25 


MRI HA'^PM 


r, aGfuginosct 
PA3 


•^1 fin 
>1 uu 


■s.i nn 
,>i uu 






2 




MRI H A'^nw 

IVIDI 1 l/AOOIN 


SBSA2 




> I uu 


■i OQ 

1 




o 

£. 


30 


MRI 11 A'^HN 


f liCil OCr^CrCf / lo 

SBSM2 


•^1 nn 
> 1 uu 


^1 nn 
> 1 uu 


- > I^O 


1^ ^ rio ■ 


d 




MRI IIR^HN 




>..i nn 
> 1 uu 


1 n 


1 b 






35 


MBI 11B4eN 


E. faecalis 

FF^ft 

LI OO 


100 


100 


64 


64 


2 




MBI11B4CN 


S. aureus 


100 


10 


32 


16 


0.60 


40 


MBI 11B4CN 


S. aureus 
SBSA4 


>100 


>100 


8 


8 


: 2 




MBI 11B4CN 


S. marcescens 

ODOtVI 1 


>100 


>100 


>128 


>128 


2 


45 


MBI 11D18CN 


E. coH 


>100 


10 


16 


1 


0.07 




MBI 11D18CN 


E- faecalis 
EFS8 


100 


100 


16 


16 


2 


50 


MBI 11D18CN 


P aeruginosa 
PA2 


>100 


30 


128 


64 


0.53 




MBI 11D18Crvi 


aeruginosa 
PA24 


>100 


;>ioo 


>128 


>12B 


2 


55 


MBI 11D18CN 
MBI 11D18CN 


P vulgaris 
SBPV1 
S. aureus 
SBSA4 


3 
>100 


3 

: 0.1 


32 
16 


4 

2 


1.13 
0.13 
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Table 7 (continued) 



45 



50 



55 





P ptide 


Organism 


Mupirocin 
MIC fu.a/ml) 


Mupirocin 
C mb. MiC 
(lig/ml) 


P ptide MIC 
(jxg/mi) 


Peptid Comb. 
MIC ((xg^r1l) 


FIC 


5 


MBl n U loUlM 


SBSM1 


>100 


30 


>128 


64 


0;28 








100 


30 


64 


8 


0.43 


10 


MBl i1G13CN 


P. vulgaris 

<^RP\/1 

OOi V 1 


3 


3 


>128 


>128 


2 




MBl 11G13CN 


R vulgaris 
SBPV1 


3 


3 


>128 


64 


1.25 


15 


MB! 11G13CN 


S. aureus 
SBSA3 


100 


100 


: 64 


64 


2 




MBl 11G13CN 


S. marcescens 
SBSM1 


>100 


>100 


>128 


>128 


2 


20 


[0128] The MIC 
fold in combinatio 
[0129] Table 9 J 


values of Mupirocin against strains of E. co//, S, aureus, R aeruglnosa axe reduced by at least three 
n with indolicidin analogues at concentrations that are < 1/2 MIC value of the peptide alone, 
shows exemplary synergy data for combinations of indolicidin analogues and Ciprofloxacin. 












Table 9 








25 


Peptide 


Organism 


Ciprofloxacin 
MIC (fig/ml) 


Ciprofloxacin 
Comb. MIC 
((xg/ml) 


Peptide MIC 
(^g/ml) 


Peptide Comb 
MIC Oig/ml) 


FIC 


30 


MBl 11D18CN 


S. aureus 
SA14 


16 


8 


8 


4 


1.00 




MBl 11D18CN 


P, aeruginosa 
PA24 


16 


4 


>128 


16 


0.31 


35 


MBl 11D18CN 


S. aureus 
SA10 


32 


32 


2 


2 


2.00 



[01 30] The MIC values of Ciprofloxacin against strains of S. aureus and P. aeruginosa are reduced by at least two 
fold in combination with indolicidin analogues at concentrations that are £ 1/2 MiC value of the peptide alone, 

'*° EXAMPLES 

BIOCHEMICAL CHARACTERIZATION OF PEPTIDE ANALOGUES 

Solubility m Formulation Buffer 

[01 31 1 The primary factor affecting solubility of a peptide is its amino acid sequence. F>oiycationic peptides are pref- 
erably freely soluble in aqueous solutions, especially under low pH conditions. However, in certain formulations, poly- 
cationic peptides may fonn an aggregate that is removed in a filtration step. As peptide solutions for in vivo assays are 
filtered prior to administration, the accuracy and reproducibility of dosing levels following filtration are examined^ _ 
[01321 Peptides dissolved in formulations are filtered through a hydrophilic 0.2 jim filter membrane and then analjced 
for total peptide content using reversed-phase HPLC. A 1 00% soluble standard for each concentration is prepared by 
dissolving the peptide in MilliQ water. Total peak area for each condition is measured and compared with the peaK area 
of the standard in order to provide a relative recovery value for each concentration/fonnulation co'^'>mf ^ _ 
[01331 MBl 11CN was pr pared in four different buffer systems (A. B. C, and C1) (Table 10. below) at 50. 100. 200 
and 400 ug/ml peptide concentrations. With fomnulations A or B. both commonly used for solvation of peptides and 
proteins peptide was lost through filtration in a concentration dependent manner (Figure 4). Recovery only reached a 
maximum of 70% at a concentration of 400 jig/mi. In contrast, peptides dissolved in fomnulations C and CI were fully 
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recovered. Buffers containing polyanionic ions appear to encourage aggregation, and it is likely that the aggregate 
tak s th form of a matrix which is trapped by the filter. Monoanionic counterions are more suitable for the maintenance 
of peptid s in a non-aggregated, soluble fomn, while the addition of other solubilizing agents may further improve the 
formulation. 



Table 10 



Code 


Fomnulation Buffer 


A 


PBS200mM, pH 7.1 


B 


Sodium Citrate 100 mM, pH 5.2 


C 


Sodium Acetate 200 mM, pH 4.6 


C1 


Sodium Acetate 200 mM/0.5% Polysorbate 80, pH 4.6 


D 


Sodium Acetate 1 00 mM/0.5% Activated Polysorbate 80, pH 7.5 : Lyophllized/Reconstituted 



Sofubi/ity in Broth 

[0134] The solubility of peptide analogues is assessed in calcium and magnesium supplemented Mueller Hihtoh 
broth by visual inspection. The procedure employed is that used for the broth dilution assay except that bacteria are 
not added to the wells. The appearance of the solution in each well is evaluated according to the scale: (a) clear, no' 
precipitate, (b) light diffuse precipitate and (c) cloudy, heavy precipitate. Results show that, for example, MBI: 10CN is 
less soluble than MB1 1 1 CN under these conditions and that MB1 1 1 BCN analogues are less soluble than MB! ^1 1 ACN 
analogues. 

Reversed Phase HPLC Analysis of PepMe Analogue Formulations 

[0135] Reversed-phase HPLC, which provides an analytical method for peptide quantification, is used to examine 
peptides in two different fomnulations. A 400 ^ig/mL solution of MB1 1 1 CN prepared in fonrtulations CI and D is analyzed 
by using a stepwise gradient to resolve free peptide from other species. Standard chromatographic conditions are Used 
as follows: 

• Solvent A: 0.1% trifluoroacetic acid (TFA) in water 

• Solvent B: 0.1 % TFA /95% acetonitrile in water 

• Media: POROS® R2-20 (polystyrene diyinylbenzene) 

[0136] As shown in Figure 5. MBI 11CN could be separated in two fomns, as free peptide in fomniulation Ci , and as 
a principally formulation-complex peptide in formulation D. This complex survives the separation protocpi in gradients 
containing acetonitrile, which might be expected to disrupt the stability of the complex. A peak corresponding to a small 
amount (<10%) of free peptide is also observed in fomnulation D. If the shape of the elution gradient is changed- the 
associated peptide elutes as a broad low peak, indicating that complexes pf peptide in the formulation are heteroge- 
neous. . ' 

EXAMPLE 6 

STRUCTURAL ANALYSIS OF INDOLICIDIN VARIANTS USING CIRCULAR DICHROISM SPECTROSCOPY 

[0137] Circular dichroism (CD) is a spectroscopic technique that measures secondary stmctures of peptides and 
proteins in solution, see for example, R.W. Woody, {Methods in Enzymology 246\ 34, 1995). The CD spectra of a- 
helical peptides is most readily interpretable due to the characteristic double minima at 208 and 222 nm. For peptides 
with other secondary structures however, interpretation of CD spectra is more complrcated and less reliable. The CD 
data for peptides is used to relate solution structure to in vitro activity. 

[0138] CD measurements of indolicidin analogues are perfomned in three different aqueous environments, (1)10 
mM sodium phosphate buffer, pH 7.2, (2) phosphate buffer and 40 % (v/v) trifluoroethanol (TFE) and (3) phosphate 
buffer and large (1 00 nm diameter) unilamellar phospholipid vesici s (lipos mes) (Table i 1 ). Th organic solvent TFE 
and the liposomes provide a hydrophobic environment intended to mimk: th bacterial membran where th peptides 
are presumed to adopt an active conformation. 

[01 39] The results indicate that the peptides are primarily unordered in phosphate buff r (a negative minima at around 
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200 nm) with the exception of MB1 1 1 F4CN. which displays an additional minima at 220 nm (see be'ow). The presence 
of TFE nduces B-tum structure in MB1 11 and MBI 11G4CN. and increases «-helicity in MBI 11F4CN aHhough most 
of the peptides remain unordered: In the presence of liposomes, peptides MBI 11CN and MBI 11B7CN. which are 
unordered in TFE. display p-tum structure (a negative minima at around 230 nm) (Figure 6). Hence, liposomes appear 
to induce more ordered secondary structure than TFE. . 
101401 A B-turn is the predominant secondary structure that appears in a hydrophobic environment, suggesting that 
tt IS the primary conformation in the active, membrane-associated fom,. In contrast, MB1 11 F4CN displays increased 
a-helical conformation in the presence of TFE. Peptide MBI 11F4CN is also the most insoluble and hemolytic of the 
peptides tested, suggesting that «-helical secondary structure may introduce unwanted properties in these analogues. 
[01411 Additionally CD spectra are recorded for APS-modified peptides (Table 1 1 ) The results showthat these com- 
pounds have significant p-turn secondary structure In phosphate buffer, which is only slightly altered in TFE. 
[0142] Again, the CD results suggest that a p-tum structure (i.e. membrane-associated) is the preferred active con- 
formation among the indolicidin analogues tested. 





Phosphate buffer 


Conformation in 
buffer 


TFE 




Conformation in TFE 




min X 


maxX. 




mIn X 


max X 


MBI10CN 


201 




Unordered 


203 


-219 


Unordered 


MBM1 


199 


- 


Unordered 


202, 227 


220 


p^urn 


MBI 11ACN 


199 




Unordered 


203 


219 


Unordered 


MBI 11 CN 


200 




Unordered 


200 


- 


Unordered 


MBI 11CNY1 


200 




Unordered 


200 




1 Innrrfor&rl 

\j noruei isu 


MBI 11B1GNW1 


201 




Unordered 


201 




Unordered 


MBI 11B4ACN 


200 




Unordered 


200 




Unordered 


MBI 11B7CN 


200 




Unordered 


204, -219 




Unordered 


MBI 11B9ACN 


200 




Unordered 


200 




Unordered 


MBI 11B9CN 


200 




Unordered 


200 




Unordered 


MBI 11D1CN. 


200 




Unordered 


204 




Unordered 


MBI 11E1CN 


201 




Unordered 


201 




Unordered 


MBI 11E2CN 


200 




Unordered 


201 




Unordered 


MBI 11E3CN 


202 


226 


ppll helix 


200 




Unordered 


MBI11F3CN 


199 


228 ^ 


ppll helix 


202 




Unordered 


MBI 11F4CN 


202, 220 




Unordered 


206, 222 




slight a-helix 


MBI 11G4CN 


199, 221 




Unordered 


201,226 


215 


p-turn 


MBI11G6ACN 


200 




Unordered 


199 




Unordered 


MBI 11G7ACN 


200 




Unordered 


202 


221 


Unordered 



APS-modified 
peptide 


Phosphate buffer 


Conformation in 
buffer 


TFE 


Conformation in TFE 


min X 


maxX 


min X 


max X 


MBI 11CN 


202, 229 


220 


p-turn 


203 


223 


p-turn 


MBi 11BCN 


200, 229 




p-turn 


202 


222 


p-tum 


MBI 11B7CN 


202, 230 


223 


p-turn 


199 


230 


p-tum 
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Table 12 (continued) 



APS-modtfied 
peptide 


Phosphate buffer 


C nformation in 
buffer 


TFE 


Conformation in TFE 


min X 


max X 


min X 


max X 


MBI 11E3CN 


202. 229 


220 


p-turn 


199 




p-turn 


. MBI11F3CN 


205 




ppll helix 


203 


230 


ppti helix 



EXAMPLE 7 



MEMBRANE PERMEABILIZATION ASSAYS 
Liposome dye release 

[01 43] A method for measuring the ability of peptides to permeabilize phospholipid bllayers is described (Parente et 
aL, Biochemistry, 29, 8720, 1 990) Briefly, liposomes of a defined phospholipid composition are prepared in this presence 
of a fluorescent dye molecule. In this example, a dye pair consisting of the fluorescent molecule 8-aminonapthalehe- 
1 ,3,6-trisulfonic acid (ANTS) and its quencher molecule p-xylene-bis-pyridinium bromide (DPX) are used. The mixture 
of free dye molecules, dye free liposomes, and liposomes containing encapsulated ANTS-DPX are separated by size 
exclusion chromatography. In the assay^ the test peptide is incubated with the ANTS-DPX containing liposomes and 
the fluorescence due to ANTS release to the outside of the liposome is measured over time. 

[0144] Using this assay, peptide activity, measured by dye release, is shown to be extremely sensitive to the com- 
position of the liposomes at many liposome to peptide ratios (UP) (Figure 7). Specifically, addition of cholesterol to 
liposomes composed of egg phosphotidylcholine (PC) virtually abolishes membrarie permeabllizing activity of MBI 
11CN, even at very high lipid to peptide molar ratios (compare with egg PC liposomes containing no cholesterol). This 
/n vitro selectivity may mimic that observed /n vitro lor bacteria! cells in the presence of mammalian cells. 
[0145] In addition, there is a size limitation to the membrane disruption induced by MBI 11 CN. ANTS/DPX can be 
replaced with fluorescein isothiocyanate-labeled dextran (Fp-4), molecular weight 4;46o, in the egg PC liposomes. No 
increase in FD-4 fluorescence Is detected upon incubation with MBI 11CN. These results indicate that MBI 11CN- 
mediated nfiembrane disruption allows the release of the relatively smaller ANTS/DPX molecules (--400 Da), but not 
the bulkier FD-4 molecules. 

E. coli ML-35 inner membrane assay 

[0146] An altemative method for measuring peptide-membrane interaction uses the E.co// strain ML-35 (Lehrer et 
aL, J. Clin. Invest., 84:553, 1989), which contains a chromosomal copy of the /acZ gene encoding f-galactosidase 
and Is permease deficient. This strain is used to measure the effect of peptide on the inner membrane through rel ase 
of p-galactosidase into the periplasm. Release of p-galactosidase is measured by spectrophotometrically nionitoring 
the hydrolysis of its substrate o-nitrophenol p-D-galactopyranoside (ONPG). The maximum rate of hydrolysis (V^^J 
is determined for aliquots of cells taken at various growth points. 

[0147] A preliminary experiment to detennine the concentration of peptide required for maximal activity against mid- 
log cells, diluted to 4 x 1 0^ CFU/ml, yields a value of 50 ^ig/ml, which is used in all subsequent experiments. Cells are 
grown in two different growth media. Terrific broth (TB) and Luria broth (LB) and equivalent amounts of cells are assayed 
during their growth cycles. The resulting activity profile of MBI 11B7CN is shown in Figure 8. For cells grown in the 
enriched TB media, maximum activity occurs at early mid-log (140 min), whereas for cells grown in LB media, the 
maximum occurs at late mid-log (230 min). Additionally, only in LB, a dip in activity is observed at 140 mih; This drop 
in activity may be related to a transition in metabolism, such as ia requirement for utilization of a new energy source 
due to depletion of the original source, which does not occur in the more enriched TB media. A consequence of a 
metabolism switch would be changes in the membrane potential. 

[01 48] To test whether membrane potential has an effect on peptide activity, the effect of disrupting the electroch m- 
ical gradient using the potassium ionophore valinomycin is examined. Cells pre-incubated with valinomycin are treated 
with peptide and for MBI 10CN and MBI 11CN ONPG hydrolysis diminished by approximately 50% compared to no 
pre-incubation with valinomycin (Figure 9). Another cationic peptide that is not sensitive to valinomycin is used as a 
positive control. 

[0149] Further delineation of the factors influencing membrane permeabilizing activity are tested. In an exemplary 
test, MBI 11B7CN is pre-incubated with isotonk: HEPES/sucrose buffer containing either 150mM sodium chloride (Na- 
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CI) or 5 mM magnesium ions {Mg2+) and assayed as described earlier. In Figure 10, a significant inhibition is obsen^ed 
with either solution, suggesting involvement of electrostatic interactions in the penneabilizing action of peptides. 

EXAMPLE 8 

ERYTHROCYTE LYSIS BY INDOLICIDIN ANALOGUES 

[0150] A red blood cell (RBC) lysis assay is us^d to group peptides according to their ability to lyse RBC under 
standardized conditions compared with MBI 11 CN and Gramicidin-S. Peptide samples and washed sheep RBC are 
prepared in isotonic saline with the final pH adjusted to between 6 and 7. Peptide samples and RBC suspension are 
mixed together to yield solutions that are 1 % (v/v) RBC and 5, 50 or 500 ^g/ml peptide. Assay mixtures are incubated 
for 1 hour at 37**C with constant shaking, centrifuged, and the supematant is measured for absorbance at 540 nm, 
which detects released hemoglobin. The percentage of released hemoglobin is detemnined by comparison with a set 
of known standards lysed in water. Each set of assays also includes MBI 11CN (500 ^g/ml) and Gramicidin-S (5 \ig/ 
ml) as "low lysis" and "high lysis" controls, respectively. 

[01511 MBI-11B7CN-HCI. MBI-11 F3CN-HCI and MBI-1 1F4CN-HCI are tested using this procedure and the results 
are presented in Table 13 below. 



Table 13 



Peptide 


% lysis at 5 ^g/ml 


% lysis at 50 ^g/ml 


% lysis at 500 Rg/nril 


MBI 11B7CN-HCI 


; ■ ~ -. 4 


13 


46 


MBI 11F3CN-HCI 


1 


6 


17 


MBI 11F4CN-HCI 


4 


32 


38 


MBI11CN-TFA 


N/D 


N/D 


9 


Gramk:idin-S 


30 


N/D 


N/D 


N/D = notdone 



[0152] Peptides that at 5 ^ig/ml lyse RBC to an equal or greater extent than Gramicidin-S, the "high lysis" control, 
are considered to be highly lytic. Peptides that at 500 |xg/ml lyse RBC to an equal to or lesser extent than MBI 11CN, 
the "low lysis" control, are considered to be non-Iytk:. The three analogues tested are all "moderately lytic" as they 
cause more lysis than MBI 11CN and less than Gramicidtn-S. In addition one of the analogues, MBI-11 F3CN-HCI, is 
significantly less lytic than the other two variants at all three concentrations tested. 

EXAMPLE 9 

PRODUCTION OF ANTIBODIES TO PEPTIDE ANALOGUES 

[0153] Multiple antigenic peptides (MAPs), which contain four or eight copies of the target peptide linked to a small 
non-immunpgenic peptidyl core, are prepared as immunogens Alternatively, the target peptide is conjugated to bovine 
serum albumin (BSA) or ovalbumin. For example, MBI 11 CN and its seven amino acid N-temiinal and C-tenminal 
fragments are used as target, peptide sequences. The immunogens are injected sut)cutaneously into rabbits using 
standard protocols (see, Harlow and Lane, Antibodies: A Laboratory Manual, Cold Spring Harbor Laboratory Press, 
Cold Spring Harbor, NY, 1988). After repeated boosters (usually monthly), serum from a blood sample Is tested in an 
ELISA against the target peptide. A positive result indicates the presence of antibodies and further tests detenmine the 
specificity of the antibody binding to the target peptide. Purified antibodies can then be isolated from this serum and 
used in ELISAs to selectively identify and measure the amount of the target peptide in research and clinical samples. 

EXAMPLE 10 

PHARMACOLOGY OF PEPTIDE ANALOGUES IN PLASMA AND BLOOD 

[01 54] The in vitro lifetime of free peptide analogues in plasnria and in blood is detemnined by measuring th amount 
of peptide present after set incubation times. Blood is collected from sheep, treated with an anticoagulant (not heparin) 
and, for plasma preparation, centrifuged to remove cells. Fomnulated peptide is added to either the plasma fraction or 
t whole blood and incubated. Following incubation, peptide is identified and quantified directly by reversed phase 
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HPLC. Extraction is not required as the free peptide peak does not ov rlie any peaks fronn blood or plasnna. 
[0155] A 1 mg/mL solution of MBI 11 CN in formulations CI and D is added to freshly prepared sheep plasma at a 
final peptide concentration of 100 \ig/mL and incubated at 37°C. At various times, aliquots of plasma are removed and 
analyzed for free peptide by rev rsed phase HPLC. From each chromatogram, the area of the peak corresponding to 
free peptide is integral d and plotted against time of incubation. As shown in Figure 11 , peptide levels diminish over 
time. Moreover, when administered in formulation D, up to 50% of the peptide Is immediately released from formulation- 
peptide complex on addition to the blood. The decay curve for free peptide yields an apparent half-life in blood of 90 
minutes for both formulation C1 and D. These results indicate that in sheep's blood MB1 11 CN is relatively resistant to 
. plasma peptidases and proteases. New peaks that appeared during incubation may be breakdown products of the 
peptide. 

[01 56) Peptide levels in plasma /n vivo are measured after iv or ip adhninistration of 80-1 00% of the maximum tolerated 
; dose of peptide analogue in either formulation CI or D. MBI 11 CN in fomiulation CI is injected intravenously into the 
tail vein of CD1 ICRBR strain mice. At various times post-injection, mice are anesthetized and blood is drawn by cardiac 
puncture. Blood from individual mice is centrrfuged to separate plasma from cells. Plasma is then analyzed by reversed 
phase HPLC column. The resulting elut ion profiles are analyzed forfree peptide content by UV absorbance at 280nm, 
, and these data are converted to concentrations in blood based upon a calibrated standard. Each data point represents 
the average blood level from two mice. In this assay, the detection llnriit is approximately 1 ^ig/nnl, less than 3% of the 
dose adnriiriistered \ 

[0157J The earliest time point at which peptide can be measured is three minutes following injection, thus, the max- 
^imum obsen/ed concentration (in ^ig/rnl) is extrapolated back to time zero (Figure 1 2). The projected initial concentrati^ 
corresponds well to the expected concentration of between 35 and 45 p.g/ml. Decay is rapid, however, and when th 
curve is fitted to the equation for exponential decay, free circulating peptide Is calculated to have a half life of 2.1 
nriinutes. Free circulating peptide was not detectable in the blood of mice that were injected with MB1 11 CN in forrnuiatlon 

suggesting that peptide is not released as quickly frorn the complex as in vitro. 
[0158] In addition, MB1 11 CN is also administered to CD1 ICRBR strain nritce by a sirigle ip injection at an efficacious 
dose level of 40 nrig/kg. Peptide is adnrilnl^tered in both forrnulations CI and D to determine if peptide complexation 
has any effect on blood levels. At various times post Injection, mice are anesthetized and blood is drawn by Cardiac 
puricture. Blood is collected and anat^^ 

[0159] MBI 11CN administered by this route demonstrated a quite different phamnacologic profile (Rgure' 13). In 
formulation CI , peptide entered the blood stream quickly, with a peak concentration of nearly 5 jxg/ml after 15 minutes, 
which declined to non-detectable levels after 60 minutes, in contrast, peptide in fomriulation D is present at a level 
above 2 p-g/ml for approximately two hours. Therefore, formulation affects entry into, and maintenance of levels of 
peptide in the blood. 

EXAMPLE 11 

TOXICITY OF PEPTIDE ANALOGUES iN VIVO , 

[0160] The acute, single dose toxicity of various indolicidin analogues is tested in iSwlss CD1 mice using various 
routes of administration. In order to determine the inherent toxfcities of the peptide analogues in the absence of any 
f orrriulation/delivery vehicle effects, the peptides are all administered in isotonk: saline with the final pH between 6 iand 7. 
,[0161] intraperitoneal TOijXe. Groups of 6 mice are injected with jDeptide doses of between 80 and 5 nrig/kg in 500 jil 
: dose volumes. After peptide administration, the mice are observed for a period of 5 days, at which time the dose causing 
50% mortality (LD50), the dose causing 90-100% mortality (LDgo-ipo) ^ncl maximum tolerated dose (MTD) levels are 
deteriniried. The LD50 values are calculated using the method of Reed and Muench (J. of Amer. Hyg. 27: 493-497, 
1938). The results presented in Table 14 show that the LD50 values for MBI 11CN and analogues range from 21 to 52 
mg/kg. 



Table 14 



1 Peptide 


LD50 




MTD 


MBI 11CN 


34 mg/kg 


40 mg/kg 


20 mg/kg 


MBI 11B7CN 


52 mg/kg 


>80 mg/kg 


30 mg/kg 


MBI 11E3CN 


21 mg/kg 


40 mg/kg 


<20 mg/kg 


MBI 11F3CN 


52 mg/kg 


80 mg/kg 


20 mg/kg 
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10 



15 



20 



25 



30 



35 



40 



[0162] /nfravenous route. Groups Of 6 mice are injected With peptid dosesof 20, 16, 12. 8, 4 and 0 mg/kg in 100 nl 
volumes (4 ml/l<g) After administration, the mice are obsers/ed for a period of 5 days, at which time the LD56. LD90.100 
and MTD levels are determined. The results from the IV toxicity testing of MB1 1 1 CN and three analogues are shown 
in Table 15. The LD50, LD90-100 ^TD values range from 5.8 to 15 mg/kg, 8 to 20 mg/kg and <4 to 12 mg/kg 
respectively. 

: Table 15 



45 



50 



55 



1 Peptide 


LD50 




MTD 


1 MB! 11CN HCI 


5.8 mg/kg 


8.0 mg/kg 


<4 mg/kg 


MBI11B7CN HCI 


7.5 mg/kg 


16 mg/kg 


4 mg/kg 


I^BI 11F3CN HCI. 


10 mg/kg 


12 mg/kg 


8 mg/kg 


1 MB! 11F4CNHCI 


15 mg/kg 


20 mg/kg 


12 mg/kg 



r0163l Suteufaneous foiife.Thet6xicity of MBI 11CN is also determined after subcutaneous (SC) administration. 
For SC toxicity testing, groups of 6 mice are injected with peptide doses of 128. 96, 64. 32 arid 0 nrigflcg in 300 jiL dose 
volumes (12 miykg). After administration, the mice are observed for a period of 5 days. None of the animals died at 
any of the dose levels within the 5 day observation period; Therefore, the LDgo. LDao-ioo and Mip are all taken to ^e 
greater than 128 mgrt<g. Mice receiving higher dose levels showed syrnptoms similar to those seen after IV inje^^ 
Lgg^sting that peptide entered the systemic circulation. These symptoms are reversible, disappeanng in all mice by 

the second day of observations. , v ... : . j -„^.aK™Hir-R 

roi641 The single dose toxicity of MBI 10CN and MBI IICN in different forrtiulations is also examined irr outbred ICR 
mice fTable 16). Intraperitoneal injection (groups of 2 mice) of MBI lOCN iri formulation D show no toxicity up t 29 
mq/kq and urider the sam^ conditioris MBI ir ON show no toxicity . 
rbfesi Intravenous Injection (groups of 10 mfce) of MBI 10CN in fonnulation d show a maximurin tolerated dose 
(MTD) of 5 6 mg/kg (Table 1 6). Injection of 1 1 mgfl<g gave 40% toxicity and 22 mg/kg result in 1 00% toxicity. Intravenous 
injection of MBI 11CN in formulation C (lyophilized) show a MTD of 3;o rfig/kg. Irijection at 6.1 mg^kg result iji 10/o 
toxicity and at 12 mg/kg 1 00% toxicity. 

Table 16 



Peptide 


Route 


# Animals 


Formulation 


MTD (nng/kg) 


MBI 10CN 


»P 


2 


fonnulation D 


>29 


MBI 11CN 


ip 


2 


formulation D 


>40 


MBI 10CN 


iv 


10 


fonnulation D 


5.6 


MBI 11CN 


iv 


10 


fonnulation C (lyophilized) 


3.0 



[01661 These results are obtained using peptideA)uffer solutions that are lyophilized after preparation and reconsti- 
tuted with water. If the peptide solution is not lyophilized before injection, but used Inrunediately after preparation an 
increase in toxicity is seen, and the maximum tolerated dose can decrease by up to four-fold/Forexample, an intra- 
venous injection of MBI HON as a non-lyophilized solution, fomiulation CI, at 1.5 mg/kg results 20% toxicrty and . 
at 3 0 mg/kg gave 100% toxfcity. HPLC analyses of the non-lyophilized and lyophiHzed formulations indicate that the 
MBI 11CN forms a complex with polysorbate, and this complexation of the peptide reduces its toxicity in mice. 
101671 In addition, mice are multiply injected by an intravenous route with MBI 11CN (Table 17). In one representative 
experiment, peptide administered in 10 injections of 0.84 mgfl<g at 5 minute intervals is not lethal. However, two injec- 
tions of peptide at 4.1 mg/kg administered with a 10 minute interval results in 60% mortality. 



Peptide 


Route 


Formulation 


Dose Level* 


# Injections 


Time Interval 


Result 


MBI 11CN 


iv 


formulation D 


0.84 


Id 


5 min 


no mortality 


MBI11CN 


iv 


fomnulation D 


4.1 


2 


10 min 


66% mortality 



[01681 To assess th impact of dosing mk^e with peptide analogue, a series of histopathology investigations can be 
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carried out. Groups of mice are administer d analogue at dose levels that are eith r at, or below the MTD, or above 
the MTD, a lethal dose. Multiple injections may be used to mimic possible treatment regimes. Groups of control mice 
ar not injected or injected with buffer only. 

[0169] Following injection, mice are sacrificed at specified times and their organs immediately placed in a 1 0% bal- 
5 anced fomrialin solution. Mice that die as a result of the toxic effects of the analogue also have their organs preserved 
immediately. Tissue samples are taken and prepared as stained micro-sections on slides which are then examined 
microscopically. Damage to tissues is assessed and this infonriation can be used to develop improved analogues, 
improved methods of administration or improved dosing regimes. 

10 EXAMPLE 12 . . 

:1N VIVO EFFICAGY OF PEPTIDE ANALOGUES 

[0170] Analogues are tested for their ability to rescue nrtice from lethal bacterial infections. The animal model used 
15 is an intraperitoneal (ip) inoculation of mice with IG^rlO® Gram-positive organisms with, subsequent administration of 
peptide. The three pathogens investigated, methicillin -sensitive S. aureus (MSS A), methicillin-resistant S. aureus (MR- 
SA), or S. epidermidis are injected ip into mice. For untreated mice, death occurs within 12-18 hours with MSSA and 
S. ep/ctem7/s and within 6-1 0 hours with MRSA. 

[0171] Peptide is administered by two routes, intraperitoneally, atone hour post-infection, or intravenously, with single 
20 or multiple doses given at various times pre-. and post-Infection. / : 

[0172] MSSA infection. In a typical protocol, groups of 10 mice are infected intraperitoneally with a LDgc^^oo 
(5.2 X lO^.CFU/mouse) of MSSA (Snriith, ATCC #1 9640) injected in brain-heart infusion containing 6% mucin. This 
strain of S. aureus \s not resistant to any comrnon. antibiotics. At 60 minutes post-infection, MBlilOCN or K/IBI 11 ON, 
in formulation D. is injected intraperitoneally: at the stated dose levels. An injection of fomnulatipn alione serves as a 
25 negative control and administration of ampicillin serves as a positive control. The survival of the mice is monitored at 
1,2,3 and 4 hrs post-infection and twice daily thereafter for a total of 8 days. 

[0173] As shown in Figure 14, MBI IOC N is maximally active against MSSA (70-80% survival) at doses pf 14.5 to 
38.0 mg/kg, although 100% survival is not achieved.. Belpvv 14.5 mg/kg, there is clear dose-dependent survival. At 
these lower dose levels, there appears to be an animal-dependent threshold, as the mice either die by day 2 pr survive 
30 for the full eight day period. As seen in Figure 15, MBI 1 1 0N, on the other hand, rescued 1 00% of the mice frorn MSSA 
infection at a dose level of 35.7 mg/kg, and was therefore as effective as ampksillin. There was little or no actrvity at 
any of the lower dose levels, which indicates that a minimum bloodstream peptide level must be achieved during the 
time that bacteria are a danger to the host. r 

[0174] As shown above, blood levels of MBI 11CN can be. sustained at a level of greater than 2|ig/ml for a two hour 

35 period inferring that this is higher than the minimum level. 

[0175] Additionally, eight variantsi.based on the sequence of MBI 11 CN are tested against MSSA using the experi- 
mental system described above. Peptides prepared in forrnulation D are administered at dose levels ranging from 12 
to 24-mg/kg and the survival of the infected mice is monitored for eight days (Figures 16-24). The percentage survival 
at the end of the observation period for each variant is summarized in Table 1 8. As shown in the table, several of the 

40 variants showed efficacy greater than or equal to MBI 11 GN under these conditions. 



Table 18 



% 

Survival 


24 mg/kg 


18 mg/kg 


12 mg/kg 


100 








90 


11B1CN, 11F3CN 






80 








70 




11E3CN 




60 


11B7CN 






50 


11CN 






40 


11G2CN 






30 




11B1CN 




20 


11G4CN 
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% 


24 mg/kg 


18 mg/kg 


12 mg/kg 


Survival 








10 




11CN, 11B7CN, 11B8CN, 11F3CN 


11G2CN 


0 


11A1CN 


11A1CN, 11G2CN, 11G4CN 


11CN. 11A1CN. 11B1CN, 11B7CN, 
iiBSCN, 11F3CN. 11G4CN 



[01761 S Bpidermidis infection. Peptide analogues generally have lower MIC values against S. epidemtidis in vitro, 
therefore, lower blood peptide levels might be more effective against infection. ,0 o x 1o8 CFU/ 

rolTTl In a typical protocol, groups of 1 0 mice are injected intraperrtoneally wrth an LDgo-ioo dose (2^ x 10 CPU/ 
mLe)ofSepLrm«fe(ATCC#12228)inbrain-heart infusion broth containing5%mud 

r9(S lethafSteTs days. At 15 mins L 60 mins post-infection, various doses of MBI 11CN In formulat,on^D are 
injected intravenously via the tail vein. An injection of fomiulation only serves as the negatjve control and mj^on of 
gemamicin serves as the positive control; both are injected at 60 minutes post-infect.on. The survwal of the mK:e .s 
monitored at 1 . 2. 3. 4. 6 and 8 hrs post-infection and twice daily thereafter for a total of 8 days. - ^ 
S AS Shown in Figures 25A and 25B. MBI 11CN prolongs the survival of the mice. EffK^ « observed a^ all 
J i Le levels with treatment 15 minutes post-infection, however, there is less ^'^^'^'^f ""T^t^n^lh^Sel 
and no significant effect at 60 minutes post-infection. Time of administration appears to be important m this iiiodel 
svstem with a single injection of 6.1 mg/kg 15 minutes post-infection giving the best sun/ival rate. ^ _ 

IS?^' MRSA i^ectiL MRSA infection, while lethal in a short period of time requires a '-^^^ 
than MSSA In a typical protocol, groups of 10 mice are injected intraperitoneally with a LDgo^ioo dose (4.2 x 10 CPU/ 
mouse) of MRSA (ATCC # 33591) in brain-heart ihfusioh containing 5% mucin. The treatment protocols are as follows, 
with the treatment times relative to the time of infection: 

. 0 mg/kg Formulation D alone (negative control), injected at 0 mins 

• 5 mg/kg Three 5.5 mg/kg injections at -5, +55, and +115 mins 

. 1 rrigflcg (2 hr) Rve 1.1 mg/kg injections at -5, +55, +115, +175 and +235 mins 
. 1 mg/kg (20 min) Rve 1.1 mg/kg injections at -10, -5, 0, +5. and +10 mins 

• Vartcomycin (positive control) injected at 0 mins ,. 

rOiSOl MB1 11 CN is injected intravenously in the tail vein in fonnr>ulation D. Survival of mice is recorded at 1. 2. 3. 4, 
6. 8. 10. 12. 20. 24 and 30 hrs post-infection and twice daily thereafter for a total of 8 days. There was no change in 

the number of surviving mice after 24 hrs (Figure 26). _ «K«:„f»xti«n«mo rtWaved 

101811 The1mg/kg(20min)treatmentprotocol;withinjections5minutesapartcenteredontheirfectionto^^ 

thi death of the rSce o a signif icant extent wrth one survivor remaining at the end of the study. T^e resulte presented 
rT^Se19suggestthatasufficiently high level of MBI 11CN maintained overa 

dumber of mkS surviving. The 5 mg/kg and 1 mg/kg (2 hr) results, where there is no improvemer>t '"^ ^^^JJg 
the negative control, indfcatesthat injections 1 hour apart, even at a higher level, are not effective against MRSA. 

Table 19 





Percentage of Animals Surviving 


Time of Observation 
(Hours post-infection) 


No Treatment 


Treatment 


6 


50% 


70% 


8 


0 


40% 


10 


0 


30% 


12 


0 


20% 
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EXAMPLE 13 

ACTIVATION OF POLYSORBATE 80 BY ULTRAVIOLET LIGHT 

5 [0182] A solution of 2% (w/w) potysorbate 80 is prepared in water and placed in a suitable reaction vessel, such as 
a quartz cell. Othei^ containers that are UV translucent or even opaque can be used rf provision is made for a clear 
light path or an extended reaction tinne. In addition, the vessel should allow the exchange of air but nnininnize evaporation. 
[0183] The solution is irradiated with ultraviolet light using a lamp emitting at 254 nm. Irradiation can also be performed 
using a lamp emitting at 302 nm. The activation is complete in 1-14 days dfepending upon the container, the depth of 

10 the solution, and air exchange rate. The reaction is monitored by a reversed-phased H PLC assay, which measures 
the formation of APS-modified MBI 11CN when the light-activated polysorbate is reacted with MBI 11CN. 
^ [0184] Some properties of activated polysorbate are determined. Because peroxides are a known by-product of 
exposing ethers to UV light, peroxide fomnation is examined through the effect of reducing agents on the activated 
polysorbate: As seen in Figure 27A, activated polysorbate readily reacts with MBI 11GN. Pre-treatment with 2-rner- 

15 captoethanoi (Figure 27B), a mild reducing agent, eliminates detectable peroxides, but does not cause a loss of con-, 
jugate forming ability. Treatment with sodium borohydride (Figure 27C), eliminates peroxides and eventually eliminates 
the ability of activated polysorbate to modify peptides. Hydrolysis of the borohydride in water raises the pH and produces 
borate as a hydrolysis product. However, neither a pH change nor borate are responsible. 

[0185] These data indicate that peroxides are not involved in the modification of peptides by activated po|ysprbate. 
20 Sodium borohydride should not affect epoxides or esters in aqueous media, suggesting that the reactive group is an : 
aldehyde or ketone., The presence of aldehydes in the activated polysorbate is confirmed by using a forrniaidehyde 
test, which is specific for aldehydes including aldehydes other than formaldehyde. 

[01 86] Furtherrhore, activated polysorbate is treated with 2,4-dinitrophenylhydrazine (DNPH) in an attempt to capture 
the reactive species. Three DNPH-tagged components are purified and analyzed by mass spectroscopy. These com- 
25 ponents are potysorbate-derived with molecular weights between i 000 and 1400. This indicates that low molecular 
weight aldehydes, such as fomnaldehyde or acetaldehyde, are involved. 

EXAMPLE 14 . ■ : ' ' 

30 FORMATION OF APS-MODIFIED PEPTIDES 

[0187] APS-modified peptides are prepared either in solid phase or liquid phase. For solid phase prepiaratibn, 0.25 
ml of 4 mg/ml of MBI 11CN is added to 0.5 ml of 0.4 M Acetic acid-NaOH pH 4.6 followed by addition of 0.25ml of UV- 
activated polysorbate. The reaction mix is frozen by placing it in a -80**G freezer. After freezing, the reaction mix is 

35 lyophilized overnight . v 

[0188] For preparing the conjugates in an aqueous phase, a sample of UV activated polysorbate 80 is first adjusted 
to a pH of 7.5 by the addition of 0.1 M NaOH. This pH adjusted solution (0.5 ml) is added to 1 .0 ml of 1 00 mM sodium 
carbonate, pH 10.0, followed immediately by the addition of 0.5 ml of 4 mg/ml of MBI 11CN. The reaction mixture is 
incubated at ambient temperature for 22 hours. The progress of the reaction is monitored by analysis at various tim 

40 points using RP-HPLC (Figure 28). In Figure 28, peak 2 is unreacted peptide, peak 3 is APS-modified peptide; Typ 
1 is the left-most of peak 3 and Type 2 is the right-most of peak 3. r ; 

[0189] Table 20 summarizes data from several experiments. Unless otherwise noted in table 20, the APS-modified 
peptides are prepared via the tyophilization method in 200mM acetic acid-NaOH buffer, pH 4.6. 

45, , . . • . . ^ • 
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Table 20 



1 GOMP 


LEX 


SEQUENCE 1 


NAME 1 


TYPEl 


TYPE 2 


ILKJv W F w w F w Kj<jvaniiae 
boiiu pnase, pri z,v 
oOliQ pnasc, pn h.o 

^nltd nha<;e nH 6 0 
nha<;e t>H 8 3 
Solution dH 2 0 
Solution. dH 1 0.0 


I 1 OTsJ 

I I v^iN 


Yes 
Yes 
Yes 
Yes 
Yes 
Trace 
Yes 


Low 1 
Yes 1 
Yes 
Yes 
Yes 
Trace 
Yes-Slow 


(Ac)4-ILKKWPWWP WRRKamide 


IICN-Yl 


No ■■■ 


No 


ILRRWPWWPWRRKamide 


IIBICN 


Yes 


Lowered 


ILRWPWWPWRRKamide 


1 1B7CN 


Yes 


Lo.wcreu 1 


ILWPWWPWRRKamide 


11B8CN 


Yes 


LowCTCd 


ILRRWP WWP WRRKamide 


11B9CN 


Yes 


Trace 


ILKKWP WWPWKKKamide 


IIBIOCN 


Yes 


Yes 


iLKKWPWWPWRRkamide 


I1E3CN 


Yes 


Yes 


ILKKWVWWP WRRKamide 


1 1F3CN 


Yes 


Yes 


ILKKWPWWPWKamide 


11G13CN 


Yes 


Yes 


ILKKWPWWPWRamide 


11G14CN 


Yes 


Trace 



[01 90] The modification of amino groups is further analyzed by determining the number of primary amino groups lost 
during attachment. The unmodified and modified peptides are treated with 2,4,6-trinitrobenzenesuifonic acid fTNBS) 
(R- L. Lundblad in Techniques in Protein Modification and Analysis pp. 1 51 -1 54. 1 995) (Table 21 ). 
[0191] Briefly, a stock solution of MBI 11CN at 4 mg/ml and an equlmblar solution of APS-modified MBI 11CN are 
prepared. A 0.225 ml aliquot of MBI 11CN or APS-modified MBI 11CN is mixed with 0.225 ml of 200 mM sodium 
phosphate buffer, pH 8.8. A 0.460 ml aliquot of 1% TNBS is added to each sample, and the reaction is incubated at 
37'*C for 30 minutes. The absoriDance at 367 nm is measured, and the number of modified primary amino groups per 
molecule is calculated using an extinction coefficient of 10.500 M'^ cm-** for the trinrtrophenyl (TNP) derivatives. 
[01 92] The primary aniino group content of the parent peptide is then compared to the corresponding APS-rhodif led 
peptide. As shown below, the loss of a single primary amino group occurs during fonmation of modified peptide. Peptides 
possessing a 3,4 lysine pair consistently give results that are 1 residue lower than expected, which may reflect st ric 
hindrance after titration of one member of the doublet. 



56 



EP O 925 308 B1 
Table 21 



... 

PEPTIDE SEQUENCE 


. . . 
TNP/PEPTIDE 


TNP/APS- 
modified 
peptide 


- - - 
CHANGE 


ILKKWPWWPWRRKaraide 


2.71 


1.64 


1.07 


ILRRWPWWPWRRKamide 


1.82 


0.72 


1.10 


IlKKWPWWPWRRkamide 


2.69 


1.61 


1.08 


ILKKWVWWPWRRKamide 


2.62 


1.56 


1.06 



^5 stability of APS-modified peptide analogues 

[0193] APS-modified peptides demonstrate a high degree of stability under conditions that promote the dissociation 
of ionic or hydrophobic complexes. APS-modrfied peptide in formulation D is prepared as 800 ^.g/ml solutions in water, 
0.9% saline, 8M urea, 8M guanidine-HCI, 67% 1-propanol, 1M HCI and 1M NaOH and incubated for 1 hour at room 
20 temperature. Samples are analyzed for the presence of free peptide using reversed phase HPLC and the following 
chromatographic conditions: 

Solvent A: 0.1% trifluoroacetic acid (TFA) in water 

Solvent B: 0.1 % TFA /95% acetonitrile in water 
25 Media: POROS R2-20 (polystyrene divinylbenzene) 

Elution: 0% B for 5 column volumes 

0-25% B in 3 column volumes 

25% B for 1 0 column volumes 

25-95% B in 3 column volumes 
30 95% B for 1 0 column volumes 

[0194] Under these conditions, free peptide elutes exclusively during the 25% B step and formulation-peptide com- 
plex during the 95% B step. None of the dissociating conditions mentioned above, with the exception of 1 M NaOH in 
which some degradation is observed, are successful in liberating free peptide from APS-modified peptide. Additional 
55 studies are carried out with incubation at 55**C or B5**C for one hour. APS-modified peptide is equally stable at 55*C 
and is only slightly less stable at 85°C. Some acid hydrolysis, indicated by the presence of novel peaks in the HPLC 
chromatogram, is observed with the 1 M HCI sample incubated at 85**C for one hour. 

EXAMPLE 15 

40 

PURIFICATION OF APS-MODIFIED MB! 11CN 

[0195] A large scale preparation of APS-modified MBI 11CN is purified. Approximately 400 mg of MBI 11CN is APS- 
modified and dissolved in 20ml of water. Unreacted MB1 1 1 CN is removed by RP-HPLC. The solvent is then evaporated 

^5 from the APS-modified MB1 1 1 CN pool, and the residue is dissolved in 1 0 ml methylene chloride. The modified peptide 
is then precipitated with 1 0 ml diethyl ether. After 5 min at ambient temperature, the precipitate is collected by centrif- 
ugation at 5000xg for 10 minutes. The pellet is washed with 5 ml of diethyl ether and again collected by centrifugation 
at 5000xg for 10 minutes. The supernatants are pooled for analysis of unreacted polysorbate by-products. The pre- 
cipitate is dissolved in 6 ml of water and then flushed with nitrogen by bubbling for 30 minutes to remove residual ether. 

50 The total yield from the starting MBI 11 CN was 43%. 

EXAMPLE 16 

BIOLOGICAL ASSAYS USING APS-MODIFIED PEPTIDE 

55 

[0196] All biological assays that compare APS-modified peptides with unmodified peptides are performed on an 
equimolar ratio. The concentration of APS-modified p ptid s can be determined by spectrophotometric measurement, 
which is used to nomnalize concentrations for biological assays. For example, a 1 mg/ml APS-modified MBI 11CN 
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solution contains the same amount of peptide as a 1 mg/ml MB! 11 CN solution, thus allowing direct comparison of 

toxicity and efficacy data. . ^ ^ 

[01971 APS-modified peptides are at least as potent as the parent peptides in in vitro assays performed as described 
herein MIC values against gram positive bacteria are presented for several APS-modified peptides and compared 
with the values obtained using thfe parent peptide^ (T^ble 22). The results indicate that the modified peptides are at 
least as potent in vitro as the parent peptides and may be more potent than the parent peptides against E. faecalis 
strains. 



Table 22 





Cdrrectcd MIC (fig/ml) 


{ Organism 


Organism # 


Peptide 


APS-peptide 


Peptide 


1 A, calcoaceticus 


AC002 


1 MBI IIBICN 


4 


2 
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A. calcoaceti&us 


AC002 


MBI 11B7CN 


8 


4 


A:' calcoaceticus 


AC002 


MBI I ICN 


>64 


4 


A. calcoaceticus 


AC002 


MBI11E3CN - 


8 


2 


A. calcoaceticus 


AC002 


MBI 11F3GN 


8 


2 


E. cloacae 


ECL007 


Mm IIBICN 


128 


>128 


E. cloacae 


ECL007 


MBI 11B7CN 


,128 


,128 


E. cloacae 


ECL007 


MB I I I CN 


64 


>128 


E. cloacae 


ECL007 


MBI11E3GN 


128 


>I28 


E. cloacae 


ECL007 


MBI11F3CN 


128 


>128 


E. coli 


ECO005 


MBI IIJBICN 


16 


8 


E. coli 


ECO005 


MBI11B7CN 


64 


8 


E. coli 


ECO005 


MBI IICN 


64 . 


16 


E. coli 


.ECO005 


MBIilE3CN 


64 


8 


E. coli 


ECO005 


MBII1F3GM 


128 


16 


E._faecali5 


EFSOO.l 


MBI lIBlCN 


4 


32 ■ 


E. faecalis 


EFSOOl 


MBI i rB7CN 




8 ., 


E./aecalis 


EFSOOl 


MB I l ieN ; 


8 


.32 


E. faecalis 


EFSOOl 


MBI 1 lESCN 


4 


8 


E. faecalis 


EFSOOl 


MBI 1 iF3CN 


8 


32 


E: faecalis 


EFS004 


MBI llBlCN 


-4. 


8 


E. faecalis 


EFS004 


MBI 11.B7CN 




,. 8 


E:. faecalis 


EFS004 


MBI I ICN 


- 4 


8 


E; faecalis 


EFS004 


MBI 1 1E3CN 


4 


2 


E: faecalis 


EFS004 


MBI 11F3GN 


: 4 


1.6, , 


E. faecalis ' 


EFS008 


MBIIIBICN 


8 


, 32 


E. faecalis 


EFS008 


MBrilB7GN" 


8 


32" 


E. faecalis 


EFS008 


MBI riCN 


■ 64- 


64 


E. faecalis 


EFS008 


MBI11E3GN 




16 


E. faecalis 


EFS008 


-MBI11F3GN 


4 


128 


K. pneumoniae 


KPOOl 


MBIIIBIGN 


32 


128 


K. pneumoniae , 


KPOOl 


MBI 1 1B7GN 


64 


16, 


FC pneumoniae 


KPOOl 


MBIllGN 


64 


128 


K. pneumoniae .-. 


KPOOl 


MBI 11E3GN 


64 


8 


K. pneumoniae 


KPOOl 


MBI 11F3CN 


128 


64 


P. aeruginosa - 


PA004 


MBIIIBIGN 


128 


128 


P. aeruginosa 


PA004 


MBI 11B7GN 


128 


128 


P. aeruginosa 


PA004 


MBI IICN 


64 


>128 : 


P.. aeruginosa 


PA004 


MBI 11E3GN , 


128 


128 


P, aeruginosa 


PA004 


MBI 11F3CN 


128 


128 


S. aureus 


SAOlO 


MBI 1 IBIGN 


4 


1 


S. aureus 


SAOlO 


MB! 11B7CN 


4 


1 


S. aureus 


SAOlO 


MBI IICN . 


4 


2, 


S. aureus 


SAOlO 


MBI 1 1E3GN 


2 


1 
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,S. aureus 


SAOlO 


MBI 1 1F3CN 


4 


2 


S. aureus 


SAOll 


MBIllBICN 


16 


4 


S. aureus 


SAOU 


MBI 1 1B7CN 


16 


4 


S. aureus 


SAOll 


MBI I I CN 


16 


-8.,. 


S. diireus 


SAOU 


MBiriESCN 


16 


4 


S. aureus 


SAOll 


MBI 11F3GN 


16 


8 


S. aureus 


SA014 


MBI I IBICN 


4 


8 


S. aureus 


SA014 


MBI 11B7CN 


8 


- ■ 4-. 


S. aureus 


SA014 


MBUICN 


8 


16 


S. aureus 


SA014 


MBI11E3CN 


.4 


• ■■. 4 . 


S. aureus 


SA014 


MBI 1 IF3CN 


■ -8 


8 . 


S. aureus 


SA018 


MBIllBICN 


32 


16 


S. aureus 


SA018 


MBI 11B7CN 


32 


16 


S. aureus 


SA018 


MBIUCN 


64 


64 


S. aureus 


SA018 


MBI UE3CN 


32 


16 


S. aureus 


SAO 1 8 


MBI 11F3CN 


64 


16 


S. aureus 


SA025 


MBI I IBICN 


..■■■4 


1 


S. aureus 


SA025 


MBI11B7PJ 


- 2 


,- 1 ■ 


S. aureus 


SA025 


MBI I IGN 


2 


■ 4 . 


S. aureus 


SA025 


MBI 1 1E3CN 


2 


1 


S. aureus 


SA025 


MBI11F3CN 


4 


2 " 


S. aureus 


SA093 


MBIllBICN 


2 


1 


S. aureus 


SA093 


MBI 11B7CN 


_2 


1 


S. aureus 


SA093 


MBI IICN 


, -2 


2 


S, aureus 


SA093 


MBI11E3CN 


2 . _ 


1 


S. aureus 


SA093 


MBI i rF3CN 


2 


1 


S. maltophilia . 


SMA002 


MBIllBICN 


64 


128 


S. maltophilia 


SMA002 


MBiriBTCN 


128 


32 


S. maltophilia . 


SMA002 


MBI IICN 


>64 


128 


S. maltophilia 


SMA002 


MBI 11E3CN 


128 


64 


S. maltophilia 


SMA002 


MBI 11F3CN 


128 


64 


S. marcescehs 


SMS003 


MBI IIBICN 


128 


>128 


S. marcescehs 


SMS003 


MBI 1 1B7CN 


128 


>128 


S. niarcescens 


SMS003 


MBI I ICN 


64 


>128 


S. marcescens 


SMS003 


MBI 11E3CN 


128 


>128 


S. marcescens ' 


SMS003 


MBI 11F3CN 


128 


>128 



[0198] Toxicities of APS-modified MBI 11CN and unmodified MBI 11CN are examined in Swiss CD-I mice. Groups 
of 6 mice are injected iv with single doses of 0.1 ml peptide in 0.9% saline. The dose levels used are 0. 3. 5, 8, 10, 
and 13 mg/kg. Mice are monitored at 1 , 3, and 6 hrs post-injection for the first day, then twice daily for 4 days. The 
survival data for MBI IICN mice are presented in Table 23. For APS-modified MB1 11 CM, 100% of the mice survived 
at all doses, including the maximal dose of 13 mg/kg. 
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Table 23 



Peptide 
administered (mg/: 

kg) 


N .Dead/ 
Total 


Cumulativ 
Dead 


No. 
Surviving 


Cumulative No. 
Dead/Total 


%D ad 


13 


D/O 


18 


0 


18/18 


I 00 


. 10 


6/6 


12 


0 


. 12/12 


100 


8 


6/6 


6 


0 


6/6 


100 


5 


0/6 




6 


0/6 


0 




0/6 


0 


12 


0/12 


0 


■ 0 ' 


0/6 


0 


18 


; 0/18 


0 



[0199] As summarized below,, the .LD50 for MBI 11CN is 7 mg/kg (Table 24) » with all subjects dying at a dose of 8 
mg/ml. The highest dose of MBI 11CN giving 100% survival was 5 nng/kg. The data show that APS-modified peptides 
are significantly less toxic than the parent peptides. . 



Table 24 



Test Peptide 


LD50 




MTD ; 


MBI-11CN-TFA 


/ring/kg 


8 mg/kg 


5 nniig/kg 


APS-MBI-11CN 


> 13 mg/kg* 


>13 mg/kg* 


>13 mg/kg* 



* coutd not be calculated with available data. 



Claims 

1 . An indolicidin analogue, comprising up to 25 amino acids and containing the formula: ILFWVPWWPWRRK. 

2. The indolicidin analogue according to claim 1 wherein said analogue has one or more amino acids altei^ed to a 
corresponding D-amino acid. 

' ' ' ■ ' 4, ■ ■ ■ ^ 

3. The indolicidin analogue according to claim 2, wherein the N-temninal and/or the C-temriinal amino acid is a D- 

amrno acid. 

4. The indolicidin analogue according to claim 1 wherein the analogue is acetylated at the N tenminal amino acid. 

5. The indolicidin analogue according to claim 1 wherein the analogue is amidated at the C-tennninal arhinp acid. 

6. The indolicidin analogue according to claim 1 wherein the arialogue is esterified at the C-terminal amino acid. 

7. The indolicidin analogue according to claim 1 wherein the analogue is niodified by incorporation of homoserine/ 
homoserine lactone at the C-terminal amino acid. 

8. The indolicidin analogue according to claim 1 wherein the analogue is conjugated with polyalkylene glycol or de- 
rivetives thereof. 

9. A nucleic acid molecule comprising a nucleic acid sequence encoding an indolicidin analogue according to clajm 1 . 

10. An expression vector comprising a promoter in operable linkage with the nucleic acid molecule of claim 9. 

1 1 . A host cell transfected or transfomned with the expression vector of claim 10. 

12. A pharmaceutical composition comprising an indolicidin analogue according to any one of claims 1 to 8, and a 
physiologically acceptable buffer. 
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13. The pharmaceutical composition according to claim 12, further comprising an antibiotic. 

14. The pharmaceutical composition according to claim 13. wherein the antibiotic is selected from the group consisting 
of penicillins, cephalosporins, cari^acephems, cephamycins, cariDapenems, monobactams, quinoldnes. tetracy- 
clines, aminoglycosides, macrolides, glycopeptides, chloramphenicols, glycylcyclines. licosamides and fluoroqui- 
nolones. 

15. The phannaceutical composition according to claim 1 3, wherein the antibiotic is selected from the group consisting 
of Amikacin; Amoxicillin; Ampicillin; Azithromycin; Aziocillln; Aztreonam; CariDenicillin; Cefaclor; Cefamandole for- 
mate sodium; Cefazolin; Cefeplme; Cefetamet; Cefixime; Cefmetazole; Cefonicid; Cefoperazone; Cefotaxime; Ce- 
fotetan; Cefoxitin; Cefpodoxime; Cefprozil; Cefsulodin; Ceftazidime; Ceftizoxime; Ceftriaxone; Cefuroxime; Ce- 
phalexin; Cephalothin; Chloramphenicol; Cinoxacin; Ciprofloxacin; Clarithromycin; Clindamycin; Cloxacillin; Co- 
amoxiclavulanate; Dicloxacillin; Doxycyctine; Enoxacin; Erythromycin; Erythromycin estolate; Erythromycin ethyl 
succinate; Erythromycin glucoheptonate; Erythromycin lactobionate; Erythromycin stearate; Ethambutol; Fler- 
oxacin; Gentamicin; Imipenem; Isoniazid; Kanamycin; Lomefloxacin; Loracari^ef; Meropenem Methicillin; Metron- 
idazole; Mezlocillin; Minocycline hydrochloride; Mupirocin; Nafcillin; Nalidiite acid; Netilmicin; Nitrofurantoin; Nor- 
floxacin; Ofloxacin; Oxacillin; Penicillin G; Piperacillin; Pyrazinamide; Rifabutin; Rifampicin; Roxithi^omycin; Strep- 
tomycin; Sulfamethoxazole; Synercid; Teicoplanin; Tetracycline; Trcarcillin; Tobramycin; Trimethoprim; Vancomy- 
cin; a combination of Piperacillin and Tazobactam; and derivatives thereof. 

1 6. The pharmaceutical composition according to claim 1 3, wherein the antibiotic is selected from the group consisting 
of Amikacin; Azithrornycin; Cefoxitin; Ceftriaxone; Ciprofloxacin; Co-amoxfclavulanate; Doxycycline; Gentamicin; 
Mupirocin; Vancomycin; and a combination of Piperacillin and Tazobactam. 

1 7. The pharmaceutical composition according to any one of claims 1 2 to 1 6 wherein the composition is incorporated 
into a liposome. 

18. The phannaceutical compositions according to any one of claims 1 2 to 16 wherein the composition is incorporated 
into a slow-release vehicle. 

19. An indolicidtn analogue according to any one of claims 1 to 8, or, a phannaceutical composition according to any 
one of claims 12 to 1 8, for therapeutic use. 

20. Use of an indolicidin analogue according to any one of claims 1 to 8, or, a phamnaceutical composition according 
to any one of claims 1 2 to 1 8, for the manufacture of a medicament for treating infections. 

21. Use according to claim 20 wherein said infection is due to a microorganism. 

22. Use according to claim 21 wherein the microorganism is selected from the group consisting of bacterium, fungus, 
parasite and virus. 

23. Use according to claim 22 wherein the fungus is a yeast and/or mold. 

24. Use according to claim 22 wherein the bacterium is a Gram-negative bacterium. 

25. Use according to claim 24 wherein the Grain-negative bacterium is selected from the group consisting of Acineto- 
bacter spp.; Enterobacter spp,; E. coli; H, influenzae; K. pneumoniae; R aeruginosa; S. marcescens and S. mal- 
tophilia. 

26. Use according to claim 24 wherein the Gram-negative bacterium is selected from the group consisting of Bordeteila 
pertussis; Bnjcella spp.; Campylobacter spp,; Haemophilus ducreyi; Helicobacter pylori; Legionella spp,; Moraxella 
catarrhalis; Neisseria spp.; Salmonella spp,; Shigella spp, and Yersinia spp, 

27. Use according to claim 22 wherein the bacterium is a Gram-positive bacterium. 

28. Use according to claim 27 wherein the Gram-positiv bacterium is selected f rorti the group consisting of E, faecalis; 
S. aureus; E, faecium; S. pyogenes; S. pneumoniae and coagulase-negative staphylococci. 
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29. Use according to claim 28 wherein the Gram-positive bacterium is selected from the group consisting of Bacillus 
spp.; Corynebacterium spp.\ Diphtheroids: Listeria spp, and Viridans Streptococci. 

30. Use according to claim 22 wherein the bact rium is an anaerobe, 

31 . Use according to claim 30 wherein the anaerobe is selected from the group consisting Clostridium spp., Bacteroides 
spp. and Peptostreptococcus spp. 

32. Use according to claim 30 wherein the bacterium is selected from the group consisting of Borrelia spp.; Chlamydia 
; spp.; Mycobacterium spp.; Mycoplasma spp.; Propionibacterium acne; Rickettsia spp.; Treponema spp. and l/re- 

aplasma spp. 

33. Use according to claim 20 wherein the indolicldin analogue is administered by intravenous injection, intraperitoneal 
injection or implaritation, Intramuscular injection or Implantation, intrathecal injection, subcutane|0us injection or 
Implantation, intradennal injection, lavage, bladder wash-out, suppositories, pessaries, oral ingestion, topical ap- 
plication, enteric application, Inhalation, aerosolizatlon ornasal spray or drops. 

, 34. A device coated with a composition comprising an Indolicldin analogue according tp claims 1-8. 

35. The device according to claim 34 wherein the composition further comprises an antibiotic agent. 

36. The device of either of claims 34 or 35 wherein the device is a medical device. 

37. The medical device according to claim 36 wherein said device is selected from the group consisting of catheters, 
artificial heart valves, cannulas, and stents. 

PatentansprOche 

1. Indolizldln-Analogon, umfassend bis zu 25 Aminos§uren und enthaltend die Fomnel: ILRWPWWPWRRK. ; 

2. Indolizidin-Analogon nach Anspruch 1 , wobel das Analogon eine oder mehrere veranderte Aminosauren gegen- 
uber einer entsprechenden D-Amlnosaure aufwelst. 

3. Indolizidin-Analogon nach Anspruch 2, wobei die N-terminale und/oder die C-terminale Aminosaure eine D-Ami- 
nosaure ist. . 

4. Indolizidin-Analogon nach Anspruch 1, wobel das Analogon an der N-terminalen Aminosaure acetyllert ist. 

5. Indolizidin-Analogon nach Anspruch 1 , wobei das Analogon an der C-terminalen Aminosaure amidiert ist. 

6. Indolizidin-Analogon nach Anspruch 1 , wobei das Analogon an der C-terminalen Aminosaure esterifiziert ist.: 

7. Indolizidin-Analogon nach Anspruch 1 , wobei das Analogon durch Inkorporation von Homoserin/Homoserinlacton 
an der C-terminalen Aminosaure modiflzlert ist. 

8. Indolizidin-Analogon nach Anspruch 1 , wobei das Analogon mit Polyalkylenglycol oder Deriyaten davon konjugiert 
ist. 

9. Nuklelnsauremolekul, umfassend eine Nukleinsauresequenz, die fur ein Indolizidin-Analogon gemaB Anspruch 1 
kodiert. 

10. Expressionsvektor, umfassend einen Promoter in operativer Verbindung mit dem Nukleinsauremolekiil von An- 
spruch 9. 

11. Wirtsz lie. transfiziert oder transfonmlert mit dem Expressionsvektor von Anspruch 10. 

12. Pharmazeutische Zusammensetzung, umfass nd ein Indolizidin-Analogon gemaS einem der Anspmche 1 bis 8 
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und einen physiologisch akzeptablen Puffer. 

13. Pharmazeutische Zusammensetzung nach Anspruch 12, weiterhin umfassend ein Antibiotikum. 

14. Pharmazeutische Zusammensetzung nach Anspruch 13, wbbei das Antibiotikum ausgewahit ist aus der Gruppe 
bestehend aus Penicillinen, Cephaiosporinen. Carbacephemen, Cephamycinen. Carbaspenemen, Monobacta- 
men, Chinolonen, Tetracyclinen, Aminoglycosiden, Macroliden. Glycopeptiden, Chioramphenicolen, Glycylcycli- 
nen, Licosamiden und Fluorchinolonen. 

15. Pharmazeutische Zusammensetzung nach Anspruch 13, wobel das Antibiotikum ausgewahit ist aus der Gruppe 
bestehend aus Amikacin, Amoxicillin, Ampfcillin, Azithromycin, Azlocillin, Aztreonam, Carbenicillin, Cefaclor, Ce- 
famanadolformat-Natrium, Cefazolin, Cefepim, Cefetamet, Cefixim, Cefmetazol, Cefonicid. Cefoperazon, Cefota- 

' xirn, Cefotetan, Cefoxitin, Cefpodoxim, Cefprozil, Cefsulodin, Ceftazidim, Ceftizoxim. Ceftriaxon, Gefuroxim, Ce- 
phalexin; Cephalothin, Chforamphenicol, Ginoxacin; Ciprofloxacin, Clarithromycin, Clindamycin, Cloxacillin, Co- 
^ Amdxk:lavulanat, Dicloxacillin, Doxycyclih, Enbxacin, Erythromycin, Erythromycin-Estolat, Erythromycin-Ethylsuc- 
cinat, Erythromycin-Glucoheptonat, Erythrohnycin-Lactobionat, Erythromycin-Stearat, Ethambutol, Fleroxacin, 
Gentemfcin, Imipenem. Isoniazid, Kanamycin. Lomefloxacin, Loracarbef, Meropenem, Methicillin, Metronidazol, 
Mezlocillin, Minocyclinhydrochlorid, Mupirocin, Nafcillin. Nalixidinsaure, Netilmicin, Nitrofurantoin, Norfloxacin, 
Ofloxacin, Oxacillin, Penicillin G. Piperacillin, Pyrazinamid, Rifabutin, Rifampicin, Roxithromycin, Streptomycin, 
Sulf amethoxazol, Synercid, Teicoplanin, Tetracycliri, Ticarcillin, Tobramycin, Trimethoprim, Vancomycin, eine Kom- 
bination von Piperacillin und Tazobactam, und Derivaten davon. 

16. Pharmazeutische Zusammensetzung nach Anspruch 13, wobei das Antibiotikum ausgewahit ist aus der Gruppe 
bestehend aus Amikacin, Azithromycin, Cefoxitin, Ceftriaxon, Ciprofloxacin, Co-Amoxiclavulanat, Doxycyclin, 
Gentamkjin, Mupirocin, Vancomycin, und einer Kombination von Piperacillin und Tazobactam. 

17. Pharmazeutische Zusammensetzung nach einem der Anspriiche 12 bis 16, wobei die Zusammensetzung in ein 
Liposom inkorporiert ist. 

18. Phamiazeutis6he Zusammensetzung nach einem der Anspmche 12 bis 1 6. wobei die Zusammensetzung in ein 
Vehikel mit veriangsamter Freisetzung inkorporiert ist. 

19. Indolizidin-Analogon nach einem der Anspruche 1 bis 8 oder eine phamnazeutische Zusammensetzung gemaB 
einem der Anspmche 1 2 bis 1 8, zur therapeutischen Verwendung. 

20. Verwendung eines Indolizidin-Analogons gemaB einem der Anspruche 1 bis 8 oder einer phanmazeutlschen Zu- 
sammensetzung gemaB einem der Anspruche 1 2 bis 1 8. zur Herstellung eines Medikaments zur Behandiung von 
infektibnen. 

21. Verwendung nach Anspruch 20, wobei die Infektion aufgrund eines Mikroorganismus Vo^^ 

22. Venwendung nach Anspruch 21 , wobei der Mikroorganishniis ausgewahit ist aus der Gmppe bestehend aus Bak- 
terium, Fungus, Parasit und Virus. 

23. Verwendung nach Anspruch 22, wobei der Fungus ein Hefe- und/oder Schimmelpilz ist. 

24. Verwendung nach Anspruch 22, wobei das Bakterium ein Grann-negatives Bakterium ist. 

25. Venwendung nach Anspruch 24, wobei das Gram-negative Bakterium ausgewahit ist aus der Gruppe bestehend 
aus Aanetobaderspp., Enterobacter spp., E. co/A, H. influenzae, K, pneumoniae, R aenjginosa, S. marcescens 
und S. maltophilia, 

26. Verwendung nach Anspruch 24, wobei das Gram-negative Bakterium ausgewahit ist aus der Gruppe bestehend 
aus Bordetella pertussis. Brucella spp., Campylobacter spp., Haemophilus ducreyi, Helicobacter pylori, Legionella 
spp ^ Moraxella catarrhalis. Neisseria spp,. Salmonella spp., Shigella spp. und Yersinia spp, 

27. Verwendung nach Anspruch 22, wobei das Bakterium ein Gram-positives Bakterium ist. 
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28. Verwendung nach Anspruch 27, wobei das Gram-positive Bakterium ausgewahlt ist aus der Grupp best hend 
aus E. faecai/s, S. aureus, E. faecium, S. pyogenes, S. pneumoniae unti Coagulase-n gativen Staphylokokk n. 

29. Verwendung nach Anspruch 28, wobei das Grana-positive Bakterium ausg wahit ist aus der Gruppe bestehend 
aus Bacillus spp,, Corynebacterium spip., Diphtheroiden, Listeria spp. und Viridans-Streptokokken. 

30. Verwendung nach Anspruch 22, wobei das Bakterium ein Anaerobes ist. 

31. Verwendung nach Anspruch 30. wobei das Anaerobe ausgevyahit ist aus der Gruppe bestehend aus Clostridium 
spp, Bacteroides spp, und Peptostreptococcus spp. 

32. Verwendung nach Anspruch 30, wobei das Bakterium ausgewahft ist aus der Gruppe bestehend aus BorreUa spp.. 
Chlamydia spp., Mycobacterium spp,. Mycoplasma spp., Propionibacterium acne, Rickettsia spp., Treponema spp. 
und Ureaplasma spp. 

33. Verwendung nach Anspruch 20, wobei das Indolizidin-Analogon durch intravenose Injektion, intraperitoneale In- 
jektion oder fmplantation, i nt ram uskulare Injektion oder Implantation, intrathekale Injektion, subkutane Injektion 
Oder Implantation, intradermale Injektion, Lavage, Blasenauswaschung, Suppositorien, Pessare, orale Aufnahme, 
topischer Applikation, enterale Applikation, Inhalation, Aerosolisrerung oder nasaies Spray oder Tropfen verab- 

, reteht wird. 

34. Vorrichtung, beschichtet mit einer Zusammensetzung umfassend ein Indolizidin-Analogon gemaB Anspnuchen 1 -8. 

35. Vorrichtung nach Anspruch 34, wobei die Zusammensetzung weiterh in ein antibiotisches Mittel umfaSt, 

36. Vorrfchtung nach entweder Anspruch 34 oder 35, wobei die Vorrichtung eine medizinische Vorrichtung ist. 

37. Medizinische Vorrichtung nach Anspruch 36, wobei die Vorrichtung ausgewahit ist aus der Gruppe bestehend aus 
Kathetern, kunstlicheri Herzklappen, Kanulen und Stents. 

Revendicatlons 

1 . Analogue d'indolrcidine, comprenant jusqu'a 25 amino-acides et contenant la formule : 

ILRWPWWPWRRK. 

2. Analogue d'indolicidine suivant la revendicatlon 1 , ledit analogue ayant un ou plusieurs amino-acides transfomrt^s 
; en un D-amino-acide correspondant. 

3. Analogue d'indolicidine suivant la revendication 2, dans lequel Tamino-acide N-terminal et/ou Tamino-acide C- 
terminal consistent en un D-amino-acide. 

4. Analogue d'indoficidine suivant la revendication 1, ledit analogue 6tant acetyte au niveau de ramlno-acide N- 
terminal. 

5. Analogue d'indolk:idine suivant la revendication 1 , ledit analogue 6tant arnid^ au niveau de I'amino-acide C-ter- 
minal. 

6. Analogue d'indolicidine suivant la revendidation 1 , ledit analogue 6tant esterifi6 au niveau de Tamino-acide C- 
temninal. 

7. Analogue d'indolicidine suivant la revendication 1 , ledrt analogue 6tant modtfi6 par incorporation d'homos6rine/ 
homos§rine-lactone au niveau de Tamino-acide C-terminal. 

8. Analogue d'indolicidine suivant la revendication 1 , ledit analogue 6tant conjugu6 avec un polyalkylene-glycol ou 
ses derives. 
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9. Molecule d'acide nucleique comprenant une sequence d-acide nucl^ique codant pour un analogue d'indolicidine 
sulvant la revendication 1 . 

1 0. Vecteur d'expression comprenant un promoteur en liaison f onctionnelle avec la molecule d'acide nucleique suivant 
5 la revendication 9. 

1 1 . Cellule hote transfectee ou transfonnee avec le vecteur d'expression suivant la revendication 10. 

12. Composition phamiaceutlquecomprenant un analogue d'indolicldine suivant Tune quelconque des revendications 
10 1 a 8. et un tampon physiologiquement acceptable. 

13. Composition phamiaceutique suivant la revendication 12, comprenant en outre un antibiotique. 

14 Composition pharmaceutique suivant la revendication 13, dans laquelle Tantibiotique est choisi dans le groupe 
15 consistant en des penicillines, des c§pha!osporines. des carbaceph^mes, des c6phamycines, des carbap6nemes, 

des monolactames, des quinolones, des tetracyclines, des aminoglycosides, des macrolides, des^ 
des chloramphenicols, des glycylcycllnes, des lihcosamides et des fluoroquinolones. 

15 Composition phamiaceutique suivant la revendication i 3, dans laquelle I'antibiotique est choisi dans le groupe 
20 consistant en ramikaclne; ramoxicilline ; rampicilline ; Tazithromycine ; razlocilline ; I'aztrdonam ; la 

carb6nicilline ; le cefaclor ; le fonmiate de cdfamandole sodique ; la c^fazoline ; le c^fepime ; le c6f6tamet ; le 
cdfixime ; le c6fmeta2ole ; le cefonicide ; la cefop^i^azone ; le c6fotaxlne ; le c6fot6tan ; la c6foxltine ; le 
cefpodoxime; le cefprozil ; la cefsulodine ; le ceftazidime; le ceftlzoxime ; la ceftriaxone; le c6furoxime; la 
cdphalexine; la cephalothine ; le chloramphenicol ; la cinoxaclne ; la ciprofloxacin e ; la clarithromycine ; la 

25 clindamycine; la cloxacilline; le co-amoxiclavulanate ; la dicloxacilline ; la doxycycline ; r6noxacine ; 

r^rythromycine ; I'estolate d'6rythromycine ; rdthylsuccinate d'6rythromycine ; le glucoheptohate d'6rythromycine ; 
le lactobionate d'erythromycine ; le st6arate d'^rythromycine ; I'^thambutol ; la f leroxacine ; la gentamicine ; 
limipeneme; iMsohiazide ; la kanamycine ; la lom^floxacine ; le loracarbef ; le m6rop6nemem6thicilIine ; le 
metronidazole ; la mezlocilline ; le chlorhydrate de minocycline ; la mupirocine ; la nafcilline ; Pacide nalidixique ; 

30 la netiimicine ; la nitrofurantoine ; la norfloxacine ; I'ofloxacine ; Toxacilline ; la penicilline G ; la pip§racilline ; le 

pyrazinamide ; la rifabutine ; la rifampicine ; la roxithromycine ; la streptomycine ; le sulfamethoxazole ; le 
synercide ; le teicoplanin ; la tetracycline ; la ticarcilline ; la tobramycine ; le trimethoprime ; la vlancomycine ; une 
association de piperacilline et de tazobactame et leurs derives. 

35 16 Composition phamiaceutique suivant la revendication 13, dans laquelle I'antibiotique est choisi dans le groupe 
consistant en Pamikacine ; Pazithromycine ; la cefoxitine ; la ceftriaxone ; la ciprofloxacine ; le co- 
amoxfclavulanate ; la doxycycline ; la gentamicine ; la mupirocine ; la vancomycine et une association de pipera- 
cilline et de tazobactame. 

40 17. Composition pharmaceutique suivante Tune quelconque des revendications 1 2 a 1 6, qui est incorporee k un lipo- 
some. 

1 8. Composition pharmaceutique suivant I'une quelconque des revendications 12^1 6, qui est incorporee kun v6hicul 
k liberation lente. 

1 9. Analogue d'indoHcidine suivant I'une queteonque des revendications 1 k 8, ou composition phamiaceutique suivant 
I'une quelconque des revendications 12^18, pour une utilisation therapeutique. 

20. Utilisation tfun analogue d'indoHcidine suivant Pune quelconque des revendications 1 a 8, ou d'une composition 
50 phamiaceutique suivant Pune quelconque des revendications 12^18. pour la production rfun medfcament destine 

au traitement d'infections. 

21. Utilisation suivant la revendication 20, dans laquelle Pinfection est due k un micro-organisme. 

55 22. Utilisation suivant la revendication 21 , dans laquelle le micro-organisme est choisi dans le groupe consistant en 
une bacterie, un champignon, un parasite et un vims. 

23. Uilisation suivant la revendication 22, dans laquelle le champignon est un levure t/ou une moisissure. 
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24. Utilisation suivant fa revendication 22, dans laquelle la bact^rie est une bact^rie Gram-n6gative. 

25. Utilisation suivant la revendication 24, dans laquelle la bact§rie Gram-negative est choisie dans le groupe consis- 
tant en Acinetobacter spp, ; Enterobacter spp, ; E. coti ; H, influenzae ; K. pneumoniae ; P. aeruginosa ; S. mar- 
cescens et S. maltophilia. 

26. Utilisation suivant la revendication 24, dans laquelle la bacterie Gram-negative est choisie dans le groupe consis- 
tant en Bordetella pertussis ; Brucella spp, ; Campylobacter spp. ; Haemophilus ducreyi ; Helicobacter pylori ; Le- 
gionella spp. ; Moraxella catarrhafis ; Neisseria spp. ; Salmonella spp. ; Shigella spp. et Yersinia spp. 

27. Utilisation suivant ta revendication 22, dans laquelle la bact6rie est une bact6rie Gram-positive. 

28. Utilisation suivant la revendication 27, dans laquelle la bacterie Gram-positive est choisie dans le groupe cbnsistant 
en E. faecalis ; S. aureus ; E. faecium ; S. pyogenes ; S. pneumoniae et les staphylocoques coagulase-negatifs. 

29. Utilisation suivant la revendication 28, dans laquelle la bacterie Gram-positive est choisie dans le groupe consistant 
en Bacillus spp. ; Ckyrynebacterium spp. ; les diphthdroides ; Listeria spp. et les streptocoques viridans. 

30. Utilisation suivant la revendication 22, dans laquelle la bacterie est une bacterie ana^robie. 

20 f 

31. Utilisation suivant la revendication 30, dans laquelle la bacterie anadrobie est choisie dans le groupe consistant 
en Clostridium spp., Bacteroides spp. et Peptostreptococcus spp. 

32. Utilisation suivant ta revendication 30, dans laquelle la bacterie est choisie dans le groupe consistant en Borrefia 
25 spp. ; Chlamydia spp. ; Mycobacterium spp. ; Mycoplasma spp. ; Propionibacterium acne ; Rickettsia spp. ; Trepo- 
nema spp. et Ureoplasma spp. 

33. Utilisation suivant la revendication 20, dans laquelle I'anatogue d'indolicidine est administr^ par injection intravei- 
neuse. Injection ou implantation tntra-p6riton6ale, injection ou implantation intramusculaire, injection intrath6cale, 

30 injection ou implantation sous-cutan6e, injection intrademnique, lavage, lavage vesical, administration de suppo- 

sitoires, administration de pessaires, ingestion orale, application topique, application ent^rlque, inhalation, admi- 
nistration d'a^rosol ou d'un liquide d'atomisation nasale ou bien de gouttes. 
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34. Dispositif revetu tf une composition comprenant un analogue d'indolicidine suivant les revendications 1 & 8. 

35. Dispositif suivant la revendication 34, dans lequel la composition comprend en outre un agent antibiotique. 

36. Dispositif suivant la revendication 34 ou 35, qui est un dispositif medical. 

40 37. Dispositif medical sfuivant la revendication 36, qui est choisi dans le groupe consistant en des catheters, des 
valvules cardiaques artificielles, des canules et des extenseurs. 
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